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Description or problems presented above.
[0001] This application claims the benefit of U.S. Pro- SUMMARY
visional Application No. 62/524,247, filed June 23, 2017
and U.S. Provisional Application No. 62/658,486, fled 5 [0007] The presentsystemsandmethodsrelatetosys-
April 16, 2018. tems and methods for measuring an analyte in a host,
and for applying a transcutaneous analyte measurement
FIELD system to a host. The various embodiments of the
present systems and methods for applying the analyte
[0002] Systemsand methodsformeasuringananalyte 70 measurement system have several features, no single
in a host are provided. More particularly, systems and one of which is solely responsible for their desirable at-
methods are provided for applying a transcutaneous an- tributes. Without limiting the scope of the present em-
alyte measurement system to a host. bodiments as expressed by the claims that follow, their
more prominent features now will be discussed briefly.
BACKGROUND 15 After considering this discussion, and particularly after
reading the section entitled "Detailed Description," one
[0003] Diabetes mellitus is a disorder in which the pan- will understand how the features of the present embod-
creas cannot create sufficient insulin (Type | or insulin iments provide the advantages described herein.
dependent) and/or in which insulin is not effective (Type [0008] An applicator for applying an on-skin sensor as-
2 or non-insulin dependent). In the diabetic state, the 20 sembly to a skin of a host is provided. The applicator
victim suffers from high blood sugar, which can cause an includes an applicator housing, a needle carrier assem-
array of physiological derangements associated with the bly, which includes an insertion element configured to
deterioration of small blood vessels, for example, kidney insert a sensor of the on-skin sensor assembly into the
failure, skin ulcers, or bleeding into the vitreous of the skin of the host, a holder releasably coupled to the needle
eye. A hypoglycemic reaction (low blood sugar) can be 25 carrierassembly and configured to guide the on-skin sen-
induced by an inadvertent overdose of insulin, or after a sor assembly while coupled to the needle carrier assem-
normal dose of insulin or glucose-lowering agent accom- bly, and a drive assembly configured to drive the insertion
panied by extraordinary exercise or insufficient food in- element from a proximal starting position to a distal in-
take. sertion position, and from the distal insertion position to
[0004] Conventionally, a person with diabetes carries 30 a proximal retraction position.
a self-monitoring blood glucose (SMBG) monitor, which [0009] In some embodiments, the on-skin sensor as-
typically requires uncomfortable finger pricking methods. sembly includes an electronics unit. In some embodi-
Due to the lack of comfort and convenience, a person ments, the sensor is connected to the electronics unit in
with diabetes normally only measures his or her glucose the applicator housing. In some embodiments, the holder
levels two to four times per day. Unfortunately, such time 35 is configured to release the on-skin sensor assembly af-
intervals are spread so far apart that the person with di- ter the sensor is inserted at least partially into the skin of
abetes likely finds out too late of a hyperglycemic or hy- the host. In some embodiments, the applicator further
poglycemic condition, sometimes incurring dangerous includes an activation element configured to activate the
side effects. Glucose levels may be alternatively moni- drive assembly. In some embodiments, the activation el-
tored continuously by a sensor system including an on- 40 ement includes a deflectable feature. In some embodi-
skin sensor assembly. The sensor system may have a ments, the deflectable feature is configured to provide
wireless transmitter which transmits measurement data resistance to activation. In some embodiments, the de-
to a receiver which can process and display information flectable feature is configured to return the activation el-
based on the measurements. US 2010/0022863 A1 dis- ement to a starting position. In some embodiments, the
closes an inserter for a transcutaneous sensor. 45 activation element includes one of a button, a switch, a
[0005] The process of applying the sensor to the per- toggle, a slide, a trigger, and a knob. In some embodi-
son is important for such a system to be effective and ments, the applicator further includes a safety element
user friendly. The application process should resultin the configured to prevent operation of the activation element.
sensor assembly being attached to the person in a state In some embodiments, the safety elementincludes a tab
where it is capable of sensing glucose level information, 50 coupled to the activation elementby atleastone frangible
communicating the sensed data to the transmitter, and member. In some embodiments, the distal direction and
transmitting the glucose level information to the receiver. the proximal direction extend along an insertion axis of
[0006] This Backgroundis provided to introduce a brief the insertion element. In some embodiments, the holder
context for the Summary and Detailed Description that includes an elastomer. The current invention relates to
follow. This Background is not intended to be an aid in 55 the seventeenth aspect. The scope of the current inven-
determining the scope of the claimed subject matter nor tion is defined in claim 1 while preferred embodiments
be viewed as limiting the claimed subject matter to im- are defined in the dependent claims.
plementations that solve any or all of the disadvantages [0010] In afirstaspect, the applicator housing includes
3
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a guide. The drive assembly includes a rotating drive
element coupled to the needle carrier assembly and in-
cludes a pin configured to travel in the guide during ro-
tation of the rotating drive element, and a spring config-

insertion position, and from the distal insertion position
to the proximal retraction position. In some embodiments,
the first end and the second end unwinding in opposite
directions drives the torsion spring in an arc. In some

ured to, upon activation of the drive assembly, rotatethe 5 embodiments, the arc extends in a direction perpendic-
rotating drive element in a single rotational direction ular to the distal direction and the proximal direction. In
thereby driving the insertion element from the proximal some embodiments, a spool coupled to the torsion
starting position to the distal insertion position, and from spring. In some embodiments, the torsion spring is
the distal insertion position to the proximal retraction po- wrapped around the spool. In some embodiments, the
sition. In some embodiments, the rotating drive element 70 second end of the torsion spring is configured to drive
is configured to convert rotational motion into linear mo- the insertion element. In some embodiments, the torsion
tion. In some embodiments, the rotating drive element spring is a double torsion spring. In some embodiments,
includes a wheel cam. In some embodiments, the pin is the first end of the torsion spring is coupled to a protrusion
radially offset from an axis of rotation of the rotating drive of the applicator housing. In some embodiments, the sec-
element. In some embodiments, the pin is positionedap- 75 ond end of the torsion spring is coupled to a protrusion
proximately 30 degrees from a bottom center orientation of the needle carrier assembly.
relative to the axis of rotation of the rotating drive element [0012] In a third aspect, the drive assembly further in-
when the insertion element is in the proximal starting po- cludes a linkage element, which includes a first end cou-
sition. In some embodiments, the pin is positioned ap- pled to the first end of the torsion spring, a second end
proximately 180 degrees from a bottom centerorientation 20 coupled to the second end of the torsion spring, and a
relative to the axis of rotation of the rotating drive element hinge substantially aligned with a winding axis of the tor-
when the insertion element is in the distal insertion posi- sion spring. In some embodiments, the linkage element
tion. In some embodiments, the pin is positioned approx- includes a flexible linkage.
imately 330 degrees from a bottom center orientation rel- [0013] In a fourth aspect, the drive assembly includes
ative to the axis of rotation of the rotating drive element 25 a linkage element, which includes a first end coupled to
when the needle carrier assembly is in the proximal re- the applicator housing, a second end coupled to the nee-
tracted position. In some embodiments, the pin travels dle carrier assembly, and a hinge disposed between the
in the guide in a direction perpendicular to a direction of first end and the second end. The drive assembly further
extension of the insertion element. In some embodi- includes a torsion spring, which includes a first end cou-
ments, the guide includes a slot. In some embodiments, 30 pled to the needle carrier assembly, and a second end
the slot is stationary during sensor insertion. In some coupled to the linkage element between the second end
embodiments, the slotincludes a horizontal slot. In some and the hinge. Upon activation of the drive assembly, the
embodiments, the slot includes a vertical slot configured second end is configured to drive the linkage element
to receive at least the pin of the rotating drive element such that the insertion elementis driven from the proximal
when loaded through a bottom of the applicator housing. 35 starting position to the distal insertion position, and from
In some embodiments, the applicator housing is station- the distal insertion position to the proximal retracted po-
ary. In some embodiments, the rotating drive element sition.
further includes a protrusion in contact with a retention [0014] In a fifth aspect, the drive assembly includes a
element configured to prevent the rotating drive element linkage element, which includes a first end coupled to
from rotating. In some embodiments, the applicator fur- 40 the applicator housing, a second end coupled to the nee-
ther includes an activation element configured to deflect dle carrier assembly, and a hinge disposed between the
the retention element, thereby allowing the rotating drive first end and the second end. The drive assembly further
element to rotate. In some embodiments, the rotating includes a torsion spring, which includes a first end cou-
drive element further includes a protrusion configured to pled to the applicator housing, and a second end coupled
decouple the on-skin sensor assembly from the needle 45 to the linkage element between the first end and the
carrier assembly. In some embodiments, the protrusion hinge. Upon activation of the drive assembly, the second
is configured to apply a force to the on-skin sensor as- end is configured to drive the linkage element such that
sembly during rotation of the rotating drive element. In the insertion element is driven the proximal starting po-
some embodiments, the protrusion of the rotating drive sition to the distal insertion position, and from the distal
elementis configured to pass through a slot in the needle 50 insertion position to the proximal retracted position.
carrier assembly as the rotating drive element rotates. [0015] In a sixth aspect, the drive assembly includes
[0011] Inasecond aspect, the drive assembly includes a linkage element, which includes a first end coupled to
a torsion spring. The torsion spring includes a first end the applicator housing, a second end coupled to the nee-
coupled to the applicator housing, and a second end cou- dle carrier assembly, and a hinge disposed between the
pled to the needle carrier assembly. Upon activation of 55 first end and the second end. The drive assembly further
the drive assembly, the first end and the second end un- includes an extension spring coupled to the linkage ele-
wind in opposite directions, thereby driving the insertion ment. Upon activation of the drive assembly, the exten-
element from the proximal starting position to the distal sion spring is configured to drive the linkage element such
4
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that the insertion element is driven in the distal direction
to the distal insertion position and in the proximal direction
from the distal insertion position.

element in the distal direction. In some embodiments,
the insertion spring includes a first end coupled to the
applicator housing and a second end coupled to the hold-

[0016] In a seventh aspect, the drive assembly in- er, and the holder is coupled to the needle carrier assem-
cludes a leaf spring, which includes a first end coupled 5 bly while the insertion spring drives the insertion element
to the applicator housing, and a second end coupled to in the distal direction to the distal insertion position and
the needle carrier assembly. Upon activation of the drive decoupled from the needle carrier assembly when the
assembly, the leaf spring is configured to decompress, retraction spring drives the insertion element in the prox-
thereby driving the insertion element at least in the distal imal direction from the distal insertion position. In some
direction to the distal insertion position. 10 embodiments, the insertion elementis configured to trav-
[0017] Inaneighthaspect, the drive assembly includes el in an arc when driven in the distal direction and in the
a linkage element, which includes a first end coupled to proximal direction.
the applicator housing, a second end coupled to the nee- [0021] In atwelfth aspect, the drive assembly includes
dle carrier assembly, and a hinge disposed between the a rotating drive element, which includes a ridge config-
first end and the second end. The drive assembly further 75 ured to slide along a channel in the needle carrier as-
includes a leaf spring, which includes a first end coupled sembly, the ridge defining a variable cam path around at
to the needle carrierassembly, and a second end coupled least a portion of a circumference of the rotating drive
to the linkage element between the second end and the element, and a torsion spring configured to, upon activa-
hinge. Upon activation of the drive assembly, the leaf tion of the drive assembly, rotate the rotating drive ele-
spring is configured to decompress, thereby driving the 20 ment thereby driving the insertion element in a distal di-
insertion element in the distal direction to the distal in- rection to a distal insertion position and in a proximal
sertion position and in the proximal direction from the direction from the distal insertion position based on the
distal insertion position. variable cam path. In some embodiments, the torsion
[0018] In a ninth aspect, the drive assembly includes spring is configured to, upon activation of the drive as-
a leaf spring, which includes a first end coupled to the 25 sembly, rotate the rotating drive element in a single di-
applicator housing, and a second end coupled to the nee- rection through an angle of greater than zero degrees
dle carrier assembly. Upon activation of the drive assem- and less than 360 degrees. In some embodiments, the
bly, the leaf spring is configured to decompress, thereby rotating drive element includes a barrel cam. In some
driving the insertion element atleast in the distal direction embodiments, the rotating drive element is configured to
to the distal insertion position. 30 rotate in a plane substantially perpendicular to the prox-
[0019] In a tenth aspect, the drive assembly includes imal direction and the distal direction.
a linkage element, which includes a first end coupled to [0022] In a thirteenth aspect, the drive assembly in-
the applicator housing, a second end coupled to the nee- cludes a guide member coupled to the applicator hous-
dle carrier assembly; and a hinge disposed between the ing, a hub configured to slide along the guide member,
first end and the second end. The drive assembly further 35 thehubincontactwith areverse toggling elementthrough
includes a leaf spring, which includes a first end coupled a first portion of travel along the guide member and in
to the needle carrierassembly, and a second end coupled contact with the needle carrier assembly through a sec-
to the linkage element between the second end and the ond portion of travel along the guide member. The re-
hinge. Upon activation of the drive assembly, the leaf verse toggling element includes a fulcrum, a first end in
spring is configured to decompress, thereby driving the 40 contact with the hub through the first portion of travel
insertion element in the distal direction to the distal in- along the guide member, and a second end coupled with
sertion position and in the proximal direction from the the needle carrier assembly. The drive assembly further
distal insertion position. includes a spring configured to, upon activation of the
[0020] In an eleventh aspect, the drive assembly in- drive assembly drive the hub in a proximal direction
cludes an insertion spring configured to, upon activation 45 through the first portion of travel along the guide member,
of the drive assembly, drive the insertion element in the thereby driving the insertion elementin the distal direction
distal direction to the distal insertion position, and a re- to the distal insertion position, and drive the hub in the
traction springin contact with the needle carrierassembly proximal direction through the second portion of travel
and configured to drive the insertion element from the along the guide member, thereby driving the insertion
distal insertion position to the proximal retracted position. 50 element in the proximal direction from the distal insertion
In some embodiments, the insertion spring includes a position.
compression spring. In some embodiments, the retrac- [0023] In a fourteenth aspect, the drive assembly in-
tion spring includes a leaf spring. In some embodiments, cludes a first spring configured to, upon activation of the
the retraction spring is configured retract the insertion drive assembly, drive the needle carrier assembly in the
element from the skin of the host. In some embodiments, 55 distal direction to a distal insertion position, and a second
upon activation of the drive assembly, a portion of energy spring configured to drive the needle carrier assembly in
stored in the insertion spring is transferred to the retrac- the proximal direction from the distal insertion position.
tion spring as the insertion spring drives the insertion In some embodiments, the first spring and the second
5
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spring are precompressed before activation of the drive
assembly. In some embodiments, at least a portion of
energy stored in the first spring is transferred to the sec-
ond spring as the needle carrier assembly is driven in

needle. In some embodiments, the insertion element in-
cludes a needle having a curvilinear profile configured to
substantially track a path of insertion of the needle. In
some embodiments, the insertion element includes a

the distal direction to the distal insertion position. 5 needle and the needle carrier assembly further includes
[0024] In some embodiments, the holder includes at aneedle hub configured as a pass through for the needle
least one retention element configured to immobilize the during insertion of the sensor and is further configured
holder to the applicator housing upon the needle carrier to enclose a tip of the needle after insertion of the sensor.
assembly reaching the distal insertion position. In some The insertion element further includes a needle spring
embodiments, the holder further includes a retention el- 70 configured to drive the needle hub to the tip of the needle
ement configured toreleasably couple the on-skin sensor after insertion of the sensor.
assembly to the holder as the needle carrier assembly [0030] In some embodiments, the on-skin sensor as-
travels in the distal direction to the distal insertion posi- sembly includes a fill port configured to receive a fluid or
tion, and decouple the on-skin sensor assembly from the gel and a cannula configured to deliver the fluid or gel
holder as the needle carrier assembly travels in the prox- 75  through the skin of the host.
imal direction from the distal insertion position. [0031] Insome embodiments, the applicator furtherin-
[0025] In some embodiments, the holder includes a cludes an elastomeric sensor retention element coupled
retention element, which includes a first end and a sec- to the applicator housing at a first end and coupled to at
ond end. The first end is immobilized in a guide of the least one of the insertion element and the sensor. The
needle carrier assembly thereby releasably couplingthe 20 elastomeric sensor retention element is configured to re-
second end to the on-skin sensorassembly as the needle tain the sensor within the insertion element prior to acti-
carrier assembly travels in the distal direction to the distal vation of the drive assembly. In some embodiments upon
insertion position, and the first end is unseated from the activation, the insertion elementis configured to progress
guide of the needle carrier assembly thereby decoupling in the proximal direction such that the elastomeric sensor
the second end from the on-skin sensor assembly asthe 25 retention element decouples from the at least one of the
needle carrier assembly travels in the proximal direction insertion element and the sensor.
from the distal insertion position and separates from the [0032] Insomeembodiments, the applicator furtherin-
holder. cludes a sensor retention element, which includes a tab
[0026] In some embodiments, the needle carrier as- configured to retain the sensor within the insertion ele-
sembly includes a retention element releasably coupling 30 ment prior to activation of the drive assembly.
the on-skin sensor assembly to the holder as the needle [0033] Insomeembodiments, the applicator furtherin-
carrierassembly travels in the distal direction to the distal cludes a sensor retention element disposed against at
insertion position, and the retention elementis configured least one of the insertion element and the sensor in a
to deform sufficiently to decouple from the on-skin sensor first position and configured to rotate away from the in-
assembly as the needle carrier assembly travels in the 35 sertion element and the sensor in a second position.
proximal direction from the distal insertion position and [0034] Insome embodiments, the applicator furtherin-
separates from the holder. cludes asensorretention sleeve disposed around atleast
[0027] In some embodiments, the holder includes a a portion of the insertion element and the sensor. The
deformable retention element releasably coupling the on- needle carrier assembly includes a tapered needle hub
skin sensor assembly to the holder, the needle carrier 40 configured to split the sensor retention sleeve during in-
assembly in contact with the deformable retention ele- sertion of the sensor.
ment thereby preventing the deformable retention ele- [0035] In some embodiments, the sensor includes a
ment from deforming as the needle carrier assembly trav- strain relief feature configured to limit the sensor from
els in the distal direction to the distal insertion position. bending at a bend radius smaller than a predetermined
The needle carrier assembly separates from the holder 45 bend radius. In some embodiments, the strain relief fea-
as the needle carrier assembly travels in the proximal ture includes an elastomeric material.
direction from the distal insertion position thereby allow- [0036] In some embodiments, the on-skin sensor as-
ing the retention element to deform sufficiently to decou- sembly includes an open cavity configured to receive the
ple from the on-skin sensor assembly. sensor and provide an area for the sensor to bend from
[0028] In some embodiments, the needle carrier as- 50 extendingina substantially horizontal direction to extend-
sembly includes a first retention element configured to ing in a substantially vertical direction. In some embodi-
releasably couple the holder to the needle carrier assem- ments, the open cavity is configured to guide bodily fluid
bly, and a second retention element configured to releas- released from the host as a result of insertion of the sen-
ably couple the on-skin sensor assembly to one of the sor at least partially into the skin of the host. In some
holder and the needle carrier assembly. 55 embodiments, the on-skin sensor assembly includes a
[0029] Insome embodiments,theinsertion elementin- wicking material configured to absorb a bodily fluid re-
cludes a C-needle having flared edges. In some embod- leased from the host as a result of insertion of the sensor
iments, the insertion element includes a deflected-tip at least partially into the skin of the host.

6
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[0037] In a fifteenth aspect, a method for applying an
on-skin sensor assembly to skin of a host is provided.
The method includes providing an applicator, which in-
cludes an applicator housing, a needle carrier assembly

iments, the first end and the second end unwinding in
opposite directions drives the torsion spring in an arc. In
some embodiments, the arc extends in a direction per-
pendicular to the distal direction and the proximal direc-

includes an insertion element configured to insertasen- 5  tion.
sor of the on-skin sensor assembly into the skin of the [0040] In some embodiments, the drive assembly in-
host, a holder releasably coupled to the needle carrier cludes an insertion spring configured to, upon activation
assembly and configured to guide the on-skin sensor as- of the drive assembly, drive the insertion element in the
sembly while coupled to the needle carrier assembly and distal direction to the distal insertion position, and a re-
adrive assembly and an activation element. The method 70 traction springin contact with the needle carrierassembly
includes activating the activation element, wherein acti- and configured to drive the insertion element from the
vating the activation element causes the drive assembly distal insertion position to the proximal retracted position.
to drive the insertion element in a distal direction to a In some embodiments, the insertion spring includes a
distal insertion position and in a proximal direction from compression spring. In some embodiments, the retrac-
the distal insertion position to a proximal retraction posi- 75 tion spring includes a leaf spring. In some embodiments,
tion, thereby inserting the sensor of the on-skin sensor upon activation of the drive assembly, a portion of energy
assembly at least partially into the skin of the host. In stored in the insertion spring is transferred to the retrac-
some embodiments, the distal direction and the proximal tion spring as the insertion spring drives the insertion
direction extend along an insertion axis of the insertion element in the distal direction. In some embodiments,
element. 20 the insertion spring includes a first end coupled to the
[0038] In some embodiments, the applicator housing applicator housing and a second end coupled to the hold-
includes a guide. The drive assembly includes a rotating er. The holder is coupled to the needle carrier assembly
drive element coupled to the needle carrier assembly and while the insertion spring drives the insertion element in
includes a pin configured to travel in the guide during the distal direction to the distal insertion position and de-
rotation of the rotating drive element, and a spring con- 25 coupled from the needle carrier assembly when the re-
figured to, upon activation of the drive assembly, rotate traction spring drives the insertion element in the proxi-
the rotating drive element in a single rotational direction mal direction from the distal insertion position. In some
thereby driving the insertion element from the proximal embodiments, the insertion elementis configured to trav-
starting position to the distal insertion position, and from el in an arc when driven in the distal direction and in the
the distal insertion position to the proximal retraction po- 30  proximal direction.
sition. In some embodiments, the rotating drive element [0041] In some embodiments, the drive assembly in-
is configured to convert rotational motion into linear mo- cludes a rotating drive element, which includes a ridge
tion. In some embodiments, the rotating drive element configured to slide along a channel in the needle carrier
includes a wheel cam. In some embodiments, the pin is assembly, the ridge defining a variable cam path around
radially offset from an axis of rotation of the rotating drive 35  at least a portion of a circumference of the rotating drive
element. In some embodiments, the pin is positioned ap- element, and a torsion spring configured to, upon activa-
proximately 30 degrees from a bottom center orientation tion of the drive assembly, rotate the rotating drive ele-
relative to the axis of rotation of the rotating drive element ment thereby driving the insertion element in a distal di-
when the insertion element is in the proximal starting po- rection to a distal insertion position and in a proximal
sition. In some embodiments, the pin is positioned ap- 40 direction from the distal insertion position based on the
proximately 180 degrees from a bottom center orientation variable cam path. In some embodiments, the torsion
relative to the axis of rotation of the rotating drive element spring is configured to, upon activation of the drive as-
when the insertion element is in the distal insertion posi- sembly, rotate the rotating drive element in a single di-
tion. In some embodiments, the pin is positioned approx- rection through an angle of greater than zero degrees
imately 330 degrees from a bottom center orientationrel- 45 and less than 360 degrees. In some embodiments, the
ative to the axis of rotation of the rotating drive element rotating drive element includes a barrel cam. In some
when the needle carrier assembly is in the proximal re- embodiments, the rotating drive element is configured to
tracted position. In some embodiments, the guide in- rotate in a plane substantially perpendicular to the prox-
cludes a slot. imal direction and the distal direction.
[0039] In some embodiments, the drive assembly in- 50 [0042] In some embodiments, the drive assembly in-
cludes a torsion spring, the torsion spring includes a first cludes a guide member coupled to the applicator hous-
end coupled to the applicator housing, and a second end ing, a hub configured to slide along the guide member,
coupled to the needle carrier assembly. Upon activation the hubin contact with areverse toggling element through
of the drive assembly, the first end and the second end a first portion of travel along the guide member and in
unwind in opposite directions, thereby driving the inser- 55 contact with the needle carrier assembly through a sec-
tion element from the proximal starting position to the ond portion of travel along the guide member. The re-
distal insertion position, and from the distal insertion po- verse toggling element includes a fulcrum, a first end in
sition to the proximal retraction position. In some embod- contact with the hub through the first portion of travel
7
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along the guide member, and a second end coupled with
the needle carrier assembly; The drive assembly further
includes a spring configured to, upon activation of the
drive assembly, drive the hub in a proximal direction

applicator further includes an inner housing. In some em-
bodiments, the applicator further includes an outer hous-
ing including an activation element configured to activate
the insertion assembly. In some embodiments, the acti-

through the first portion of travel along the guide member, 5 vation element is prevented from activating the insertion
thereby driving the insertion element in the distal direction assembly until the outer housing is translated a prede-
to the distal insertion position, and drive the hub in the termined distance in a distal direction with respect to the
proximal direction through the second portion of travel inner housing. In some embodiments, the inner housing
along the guide member, thereby driving the insertion further includes an engagement element and the needle
element in the proximal direction from the distal insertion 70 carrier assembly includes a protrusion. The engagement
position. element is configured to engage with the protrusion upon
[0043] In some embodiments, the drive assembly in- the needle carrier assembly translating in a distal direc-
cludes a first spring configured to, upon activation of the tion beyond a predetermined threshold, thereby prevent-
drive assembly, drive the needle carrier assembly in the ing the needle carrier assembly from translating in the
distal direction to a distal insertion position, and asecond 75 distal direction beyond the predetermined threshold. In
spring configured to drive the needle carrier assembly in some embodiments, the engagement feature includes a
the proximal direction from the distal insertion position. hook. In some embodiments, the needle carrierassembly
In some embodiments, at least a portion of energy stored further includes a hub configured to couple an insertion
in the first spring is transferred to the second spring as element to the needle carrier assembly. In some embod-
the needle carrierassemblyis driveninthe distal direction 20 iments, the hub is further configured to couple to the on-
to the distal insertion position. skin sensor assembly.
[0044] In a sixteenth aspect, an applicator for applying [0046] In some embodiments, the insertion assembly
anon-skin sensorassembly to a skin ofa hostis provided. and the retraction assembly both include the first spring.
The applicatorincludes aninsertion assembly configured In some embodiments, the first spring is configured to
to translate a needle carrier assembly and the on-skin 25 exerta force between a holder and a deployment sleeve.
sensor assembly in a distal direction from an initial prox- In some embodiments, the holder includes at least one
imal position to a distal insertion position. The applicator retention element configured to immobilize the holder to
includes a retraction assembly configured to translate the deployment sleeve. In some embodiments, the ap-
the needle carrier assembly in a proximal direction from plicator further includes a housing and an activation el-
the distal inserted position to a proximal retracted posi- 30 ement configured to deflect the at least one retention
tion. The retraction assembly is configured to activate in element, thereby enabling the first spring to translate the
response to the on-skin sensor assembly contacting the holder, the needle carrier assembly and the on-skin sen-
skin of the host. sor assembly from the proximal position to the distal in-
[0045] In some embodiments, the insertion assembly sertion position. In some embodiments, the housing fur-
includes a first spring. In some embodiments, the retrac- 35 therincludes at least one protrusion, and the deployment
tion assembly includes a second spring. In some embod- sleeve includes at least one retention element configured
iments, the insertion assembly further includes a holder to contact the at least one protrusion of the housing. In
configured to guide the needle carrier assembly at least some embodiments, the first spring is configured to exert
during translation from the initial proximal position to the a force sufficient to deflect the at least one retention el-
distal insertion position. In some embodiments, the hold- 40 ement of the deployment sleeve when the on-skin sensor
er further includes at least one retention element config- assembly is in contact with the skin of the host, thereby
ured to retain the second spring at least during insertion. freeing the at least one retention element of the deploy-
In some embodiments, the atleast one retention element ment sleeve from the at least one protrusion of the hous-
is disposed along an outside of the second coil and con- ing. In some embodiments, the first spring is further con-
figured to contact and retain a coil of the second spring. 45 figured to translate the deployment sleeve in the proximal
In some embodiments, the needle carrier assembly fur- direction. In some embodiments, the needle carrier as-
ther includes at least one backstop feature configured to sembly further includes a protrusion configured to contact
prevent lateral deflection of the at least one retention el- the deployment sleeve, thereby causing the needle car-
ement at least during insertion. In some embodiments, rier assembly to translate in the proximal direction.
the at least one backstop feature is configured not to 50 [0047] Ina seventeenth embodiment, a needle hub for
contact the at least one retention element in the distal applying an on-skin sensor assembly to a skin of a host
insertion position, thereby allowing the second spring to is provided. The needle hub may include at least one
deflect the at least one retention element and activate upper arm. The needle hub includes a base comprising
the retraction assembly. In some embodiments, the sec- an anti-rotation feature. The base is configured to be at
ond spring is configured to exert a force sufficientto de- 55 least partially disposed in an aperture of the on-skin sen-
flect the atleast one retention element in the distal inser- sor assembly. The needle hub is configured to couple
tion position when the on-skin sensor assembly is in con- with an insertion element.
tact with the skin of the host. In some embodiments, the [0048] In some embodiments, the anti-rotation feature
8
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is configured to prevent rotation of the base within the
aperture. In some embodiments, the anti-rotation feature
includes a key having a shape complementary to at least
a portion of the aperture. In some embodiments, the at

is disposed along an outside of the second coil and con-
figured to contact and retain a coil of the second spring.
In some embodiments, the needle carrier assembly fur-
ther includes at least one backstop feature configured to

least one upper arm is configured to be disposed through 5  prevent lateral deflection of the at least one retention el-
an aperture in a needle carrier assembly of an applicator. ement at least during insertion. In some embodiments,
In some embodiments, the at least one upper arm is con- the at least one backstop feature is configured not to
figured to contact an upper surface of the needle carrier contact the at least one retention element in the distal
assembly adjacent to the aperture in the needle carrier insertion position, thereby allowing the second spring to
assembly. In some embodiments, the at least one upper 70  deflect the at least one retention element and activate
arm is configured to be disposed in a groove in the upper the retraction assembly. In some embodiments, the sec-
surface of the needle carrier assembly, thereby immobi- ond spring is configured to exert a force sufficient to de-
lizing the needle hub with respect to the needle carrier flect the at least one retention element in the distal inser-
assembly. In some embodiments, the at least one upper tion position when the on-skin sensor assembly is in con-
arm is flexible. In some embodiments, the at least one 75 tact with the skin of the host. In some embodiments, the
upper arm is configured to flex radially inward. In some second spring includes a tang extending along a diam-
embodiments, the needle hub further includes at least eter of second spring and wherein the at least one reten-
one lower arm. In some embodiments, the at least one tion element is disposed along an inside of the second
lower arm is configured to contact a lower surface of the spring and configured to retain the tang of the second
needle carrier assembly adjacent to an aperture in the 20 spring. In some embodiments, the housing is an outer
needle carrier assembly. In some embodiments, the in- housing and the applicator furtherincludes an inner hous-
sertion element includes a needle. In some embodi- ing. In some embodiments, activating the activation ele-
ments, the needle includes an open side configured to ment includes translating the outer housing a predeter-
receive a sensor of the on-skin sensorassembly. In some mined distance in a distal direction with respect to the
embodiments, the base includes a flat surface configured 25 inner housing. In some embodiments, the inner housing
to mate with a top surface of the on-skin sensor assembly, further includes an engagement element and the needle
thereby maintaining the insertion element in a substan- carrier assembly includes a protrusion. The engagement
tially perpendicular orientation to the top surface of the element is configured to engage with the protrusion upon
on-skin sensor assembly. the needle carrier assembly translating in a distal direc-
[0049] In an eighteenth embodiment, a method forap- 30 tion beyond a predetermined threshold, thereby prevent-
plying an on-skin sensor assembly to skin of a host is ing the needle carrier assembly from translating in the
provided. The method includes providing an applicator. distal direction beyond the predetermined threshold. In
The applicator includes a housing comprising an activa- some embodiments, the engagement feature includes a
tion element. The applicatorincludes aninsertion assem- hook. In some embodiments, the needle carrierassembly
bly. The applicator includes a retraction assembly. The 35 further includes a needle hub configured to couple the
method includes activating the activation element. Acti- insertion element to the needle carrier assembly.

vating the activation element causes the insertion as- [0051] In some embodiments, the insertion assembly
sembly to translate a needle carrier assembly and the and the retraction assembly both include the first spring.
on-skin sensor assembly in a distal direction from a prox- In some embodiments, the first spring is configured to
imal position to a distal insertion position, thereby insert- 40 exert a force between a holder and a deployment sleeve.
ing a sensor of the on-skin sensor assembly at least par- In some embodiments, the holder includes at least one
tially into the skin of the host. Activating the activation retention element configured to immobilize the holder to
element causes the retraction assembly to translate the the deploymentsleeve. In some embodiments, activating
needle carrier assembly in a proximal direction from the the activation elementincludes deflecting the atleastone
distal inserted position to a proximal retracted position. 45 retention elementof the holder, thereby enabling the first
The retraction assembly is configured to activate in re- spring to translate the holder, the needle carrier assembly
sponse to on-skin sensor assembly contacting the skin and the on-skin sensor assembly from the proximal po-
of the host. sition to the distal insertion position. In some embodi-
[0050] In some embodiments, the insertion assembly ments, the housing further includes at least one protru-
includes a first spring. In some embodiments, the retrac- 50 sion, and the deployment sleeve includes at least one
tion assembly includes a second spring. In some embod- retention element configured to contact the at least one
iments, the insertion assembly further includes a holder protrusion of the housing. In some embodiments, the first
configured to guide the needle carrier assembly at least spring is configured to exert a force sufficient to deflect
during translation from the proximal position to the distal the at least one retention element of the deployment
insertion position. In some embodiments, the holder fur- 55 sleeve when the on-skin sensor assembly is in contact
ther includes at least one retention element configured with the skin of the host, thereby freeing the at least one
to retain the second spring at least during insertion. In retention element of the deployment sleeve from the at
some embodiments, the at least one retention element least one protrusion of the housing. In some embodi-
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ments, the first spring is further configured to translate
the deployment sleeve in the proximal direction. In some
embodiments, the needle carrier assembly further in-
cludes a protrusion configured to contact the deployment

to be inserted into the skin a predetermined depth. In
some embodiments, the frictional engagement is config-
ured to decouple at a range of distances between the on-
skin sensor assembly and a distal end of the applicator.

sleeve, thereby causing the needle carrier assemblyto 5 [0057] This Summary is provided to introduce a selec-
translate in the proximal direction. tion of concepts further described in the Detailed Descrip-
[0052] In a nineteenth aspect, an applicator for apply- tion section. Elements or steps other than those de-
ing an on-skin sensor assembly to a skin of a host is scribed in this Summary are possible, and no element or
provided. The applicator includes a first body releasably step is necessarily required. This Summary is not intend-
coupled to a needle. The applicator further includes a 70 ed to identify key features or essential features of the
second body releasably coupled to the first body by a claimed subject matter, nor is it intended for use as an
frictional engagement. The applicator further includes a aid in determining the scope of the claimed subject mat-
spring configured to provide a first force to the first body ter. The claimed subject matter is not limited to imple-
and second body. The first force can drive the first body mentations that solve any or all disadvantages noted in
and second body in a distal direction. The frictional en- 75 any part of this disclosure.
gagement can be configured to be decoupled by a coun-
ter force applied to the on-skin sensor assembly in an BRIEF DESCRIPTION OF THE DRAWINGS
opposite direction of the first force.
[0053] Insome embodiments, the applicator further in- [0058] These and other features, aspects, and advan-
cludes at least one retention element configured to fric- 20 tages are described below with reference to the draw-
tionally couple the second body to the first body. In some ings, which are intended to illustrate, but not to limit, the
embodiments, the at least one retention element is invention. In the drawings, like reference characters de-
formed integral with the second body. In some embodi- note corresponding features consistently throughout
ments, the at least one retention element is frictionally similar embodiments.
engaged against a wall of the first body. In some embod- 25
iments, the counter force decouples the frictional en- FIG. 1 illustrates a schematic view of a continuous
gagement by displacing the at least one retention ele- analyte sensor system, according to some embodi-
ment from the wall of the first body. In some embodi- ments.
ments, the wall is a backstop. In some embodiments, the FIGs. 2A-2B illustrate perspective views of an on-
wall is configured to prevent the at least one retention 30 skin sensor assembly, according to some embodi-
element from deflecting. ments.
[0054] In some embodiments, the frictional engage- FIGs. 3A-3B illustrate perspective views of another
mentis decoupled by the counter force exceeding a force on-skin sensor assembly, according to some em-
threshold. In some embodiments, the force threshold is bodiments.
determined by the frictional force between the at least 35 FIG. 4 illustrates a cross-sectional view of the on-
one retention element and the first body. In some em- skin sensor assembly of FIGs. 3A-3B, according to
bodiments, the threshold is at least 0.5 Ibf. In some em- some embodiments.
bodiments, the threshold is at least 1 Ibf. FIG. 5 illustrates an exploded perspective view of
[0055] In some embodiments, the first body is config- the applicator of FIG. 5, according to some embod-
ured to retract in a proximal direction upon decoupling of 40 iments.
the frictional engagement. In some embodiments, the ap- FIG. 6A-6H illustrate cutaway views and perspective
plicator further includes a second spring. The second views of several features of the applicator of FIG. 5,
spring can be configured to drive the first body in a prox- according to some embodiments.
imal direction. In some embodiments, the second spring FIGs. 7A-7F illustrate several cutaway views of the
is retained from release by at least one retention element 45 applicator of FIG. 5 during operation, according to
of the second body. some embodiments.
[0056] In some embodiments, the decoupling of the FIG. 8 illustrates a cutaway view of an applicator
frictional engagement is configured to be independent of similar to the applicator of FIG. 5, however, including
a distance between the on-skin sensor assembly and a an activation element on an upper side of an appli-
distal end of the applicator. In some embodiments, the 50 cator housing, according to some embodiments.
first body is configured to retract independent of the dis- FIG. 9 illustrates a cutaway view of an applicator
tance between the on-skin sensor assembly and the dis- similar to the applicator of FIG. 5, however, including
tal end of the applicator. In some embodiments, the coun- an activation element on a medial side of an appli-
ter force applied to the on-skin sensor assembly is pro- cator housing, according to some embodiments.
vided by the skin of the host opposing the first force. In 55 FIG. 10 illustrates a cutaway view of an applicator
some embodiments, an interior of the applicator is con- similar to the applicator of FIG. 5, however, including
figured to allow the skin of the host to reside within the an activation element on a lower side of an applicator
interior. In some embodiments, the needle is configured housing, according to some embodiments.
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FIGs. 11A-11D and 11J illustrate perspective views
while FIGs. 11E-11H illustrate side cutaway views
of steps for assembling the applicator of FIG. 5, ac-
cording to some embodiments.

embodiments.

FIG. 26A-26D illustrate several cutaway perspective
views and a bottom view of several features of the
applicator of FIG. 25, according to some embodi-

FIG. 12 illustrates an exploded perspective view of 6 ments.
another applicator for an on-skin sensor assembly FIGs. 27A-27E illustrate several cross-sectional
of an analyte sensor system, according to some em- views of the applicator of FIG. 25 during operation,
bodiments. according to some embodiments.
FIG. 13A-13F illustrate perspective views and cuta- FIGs. 28A-28C and 28H illustrate several perspec-
way views of several features of the applicator of 70 tive views while FIGs. 28D-28G illustrate cross-sec-
FIG. 12, according to some embodiments. tional views of assembling the applicator of FIG. 25,
FIGs. 14A-14E illustrate several cross-sectional according to some embodiments.
views of the applicator of FIG. 12 during operation, FIG. 29 illustrates an exploded perspective view of
according to some embodiments. an applicator for an on-skin sensor assembly of an
FIG. 15 illustrates a perspective view of an exem- 15 analyte sensor system, according to some embodi-
plary double torsional spring for use in an applicator ments.
for an on-skin sensor assembly of an analyte sensor FIG. 30 illustrates a cutaway view of a portion of the
system, according to some embodiments. applicator of FIG. 29, according to some embodi-
FIG. 16 illustrates a perspective view of another ex- ments.
emplary double torsional spring for use in an appli- 20 FIG. 31 illustrates a cutaway view of yet another ap-
cator for an on-skin sensor assembly of an analyte plicator for an on-skin sensor assembly of an analyte
sensor system, according to some embodiments. sensor system, according to some embodiments.
FIG. 17 illustrates a perspective view of yet another FIGs. 32A-34B illustrate exploded perspective
exemplary double torsional spring for use in an ap- views of yet another applicator for an on-skin sensor
plicator for an on-skin sensor assembly of an analyte 25 assembly of an analyte sensor system, according to
sensor system, according to some embodiments. some embodiments.
FIG. 18 illustrates a cutaway view of an alternative FIGs. 33A-33E illustrate several perspective cuta-
driving mechanism including a torsional spring and way views of several features of the applicator of
a living hinge for the applicator of FIG. 12, according FIG. 32, according to some embodiments.
to some embodiments. 30 FIG. 34A-34D illustrate several cross-sectional
FIG. 19 illustrates a cutaway view of another alter- views of the applicator of FIG. 32 during operation,
native driving mechanism including a torsional according to some embodiments.
spring and a living hinge for the applicator of FIG. FIG. 35A-35C illustrate cross-sectional views of an
12, according to some embodiments. on-skin sensor assembly retention mechanism of the
FIG. 20 illustrates a cutaway view of yet another al- 35 applicator of FIG. 32, according to some embodi-
ternative driving mechanism including a torsional ments.
spring and a living hinge for the applicator of FIG. FIG. 36A-36C illustrate cross-sectional views of an-
12, according to some embodiments. other on-skin sensor assembly retention mechanism
FIG. 21 illustrates a cutaway view of yet another al- of the applicator of FIG. 32, according to some em-
ternative driving mechanism including an extension 40 bodiments.
spring and a living hinge for the applicator of FIG. FIG. 37A-37C illustrate cross-sectional views of yet
12, according to some embodiments. another on-skin sensor assembly retention mecha-
FIG. 22 illustrates a cutaway view of yet another al- nism of the applicator of FIG. 32, according to some
ternative driving mechanism including a leaf spring embodiments.
for the applicator of FIG. 12, according to some em- 45 FIG. 38 illustrates a perspective view of an applicator
bodiments. similar to those shown in FIG. 32, including an acti-
FIG. 23 illustrates a cutaway view of yet another al- vation element on a side of the housing, according
ternative driving mechanism including a leaf spring to some embodiments.
and a living hinge for the applicator of FIG. 12, ac- FIG. 39 illustrates a cutaway perspective view of a
cording to some embodiments. 50 portion of the applicator of FIG. 38, according to
FIGs. 24A-24F, 24H, 24J and 24L-24M illustrate some embodiments.
cross-sectional views while FIGs. 24G and 24K il- FIGs. 40A-40G illustrate several perspective views
lustrate perspective views of steps for assembling of steps for assembling the applicator of FIG. 32,
the applicator of FIG. 12, according to some embod- according to some embodiments.
iments. 55 FIGs. 41A-41B illustrate cross-sectional views an
FIG. 25 illustrates an exploded perspective view of exemplary on-skin sensor assembly retention mech-
yet another applicator for an on-skin sensor assem- anism of an applicator for an analyte sensor system,
bly of an analyte sensor system, according to some according to some embodiments.
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FIGs.42A-42Billustrate cross-sectional views of an-
other exemplary on-skin sensor assembly retention
mechanism of an applicator for an analyte sensor
system, according to some embodiments.

bodiments.

FIG. 58 illustrates a cross-sectional view of yet an-
other sensor retention element for an applicator for
an analyte sensor system, according to some em-

FIGs. 43A-43B illustrate cross-sectional views ofyet 6 bodiments.
another exemplary on-skin sensor assembly reten- FIGs.59A-59B illustrate cross-sectional views of yet
tion mechanism of an applicator for an analyte sen- another sensor retention element for an applicator
sor system, according to some embodiments. foran analyte sensor system, according to some em-
FIG. 44 illustrates a perspective view of a portion of bodiments.
another exemplary on-skin sensor assembly reten- 70 FIG. 60 illustrates a cutaway view of an on-skin sen-
tion mechanism of an applicator for an analyte sen- sor assembly having at least a portion of a sensor
sor system, according to some embodiments. potted in a flexible material, according to some em-
FIG. 45 illustrates a perspective view of portion of bodiments.
an exemplary on-skin sensor assembly retention FIG. 61 illustrates a cutaway view of an on-skin sen-
mechanism of an applicator for an analyte sensor 75 sor assembly comprising an open cavity configured
system, according to some embodiments. to allow a larger bend radius in a sensor, according
FIG. 46 illustrates a perspective view of a portion of to some embodiments.
an exemplary on-skin sensor assembly retention FIG. 62 illustrates a cutaway view of an on-skin sen-
mechanism of an applicator for an analyte sensor sor assembly comprising an open cavity configured
system, according to some embodiments. 20 to allow a larger bend radius in a sensor, according
FIG. 47 illustrates a cross-section of a kinked needle to some embodiments.
forusein an applicator for an analyte sensor system, FIG. 63 illustrates a cutaway view of an on-skin sen-
according to some embodiments. sor assembly comprising an open cavity configured
FIGs. 48A-48B illustrate a cross-section and a plan to allow a larger bend radius in a sensor, according
view, respectively, of a flared C-needle foruse inan 25 to some embodiments.
applicator for an analyte sensor system, according FIGs. 64A-64B illustrate a battery engagement fea-
to some embodiments. ture for an on-skin sensor assembly, according to
FIG. 49 illustrates a perspective view of a deflected- some embodiments.
tip needle for use in an applicator for an analyte sen- FIG. 65 illustrates a flowchart of a method for apply-
sor system, according to some embodiments. 30 ing an on-skin sensor assembly to skin of a host,
FIG. 50 illustrates a perspective view of a curved according to some embodiments.
needle for use in an applicator for an analyte sensor FIG. 66 illustrates exemplary mechanisms for sev-
system, according to some embodiments. eral features of an applicator configured to apply an
FIGs. 51A-51B illustrate cutaway views of a needle on-skin sensor assembly to skin of a host, according
hub of an applicator for an analyte sensor system, 35 to some embodiments.
according to some embodiments. FIG. 67 illustrates exemplary sterilization, packaging
FIGs. 52A-52B illustrate a cross-sectional view and and sealing features of an applicator configured to
a plan view, respectively, of an infusion cannula in- apply an on-skin sensor assembly to skin of a host,
tegrated into an on-skin sensor assembly of an an- according to some embodiments.
alyte sensor system, according to some embodi- 40 FIG. 68 illustrates a top perspective view of an on-
ments. skin sensor assembly, according to some embodi-
FIG. 53 illustrates a cross-sectional view of a sensor ments.
retention mechanism for an applicator for an analyte FIG. 69 illustrates a bottom perspective view of the
sensor system, according to some embodiments. on-skin sensor assembly of FIG. 68, according to
FIG. 54 illustrates a perspective view of another sen- 45 some embodiments.
sor retention mechanism for an applicator for an an- FIG. 70 illustrates a cross-sectional view of the on-
alyte sensor system, according to some embodi- skin sensor assembly of FIG. 68, according to some
ments. embodiments.
FIG. 55 illustrates a cutaway view of another sensor FIG. 71 illustrates yet another applicator for an on-
retention mechanism for an applicator for an analyte 50 skin sensor assembly of an analyte sensor system,
sensor system, according to some embodiments. according to some embodiments.
FIGs. 56A-56B illustrate perspective views of anoth- FIG. 72 illustrates an exploded perspective view of
er sensor retention element for an applicator for an the applicator of FIG. 71, according to some embod-
analyte sensor system, according to some embodi- iments.
ments. 55 FIGs. 73A-73C illustrate several cross-sectional
FIG. 57 illustrates a cross-sectional view of yet an- views of the applicator of FIGs. 71 and 72, taken
other sensor retention element for an applicator for along the section line A-A’ of FIG. 71, during opera-
an analyte sensor system, according to some em- tion, according to some embodiments.
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FIGs. 74A-74C llustrate several cross-sectional
views of the applicator of FIGs. 71 and 72, taken
along the section line B-B’ of FIG. 71, during opera-
tion, according to some embodiments.

FIGs. 75A and 75B illustrate magnified views of
some features of the applicator of FIGs. 71 and 72,
according to some embodiments.

FIGs. 76A and 76B illustrate magnified views of
some features of the applicator of FIGs. 71 and 72,
according to some embodiments.

FIG. 77 illustrates a perspective partial cutaway view
ofthe needle carrier assembly, hub, and on-skin sen-
sor assembly of the applicator of FIGs 71 and 72,
according to some embodiments.

FIG. 78 illustrates a cross-sectional view of the hub
and on-skin sensor assembly of the applicator of
FIGs. 71 and 72, according to some embodiments.
FIG. 79 illustrates a top view of a portion of the needle
carrier assembly and hub of FIGs. 71 and 72, ac-
cording to some embodiments.

FIGs. 80A and 80B illustrate perspective views of
locking features for needles for use in an applicator
for an analyte sensor system, according to some em-
bodiments.

FIGs. 81A-81C illustrate several cross-sectional
views, and various features and operating positions,
of yet another applicator for an on-skin sensor as-
sembly of an analyte sensor system, according to
some embodiments.

FIG. 81D illustrates a perspective view of various
features of the applicator of FIGs. 81A-81D, accord-
ing to some embodiments.

FIGs. 82A-82D illustrate several cross-sectional
views, and various features and operating positions,
of yet another applicator for an on-skin sensor as-
sembly of an analyte sensor system, according to
some embodiments.

FIG. 83 illustrates a cross-sectional view of an ap-
plicator comprising a deformable layer disposed
over an activation element, according to some em-
bodiments.

FIG. 84 illustrates a perspective view of an applicator
utilizing a twist-to-activate activation mechanism, ac-
cording to some embodiments.

FIG. 85 illustrates a cross-sectional view of an ap-
plicator comprising a top-mounted activation ele-
ment, according to some embodiments.

FIG. 86 illustrates relationships between the axle,
insertion element, and a circular arc travelled by the
insertion element of at least FIG. 26C during inser-
tion and retraction, according to some embodiments.
FIG. 87 illustrates a cross-sectional view of on-skin
sensorassembly of FIGs. 3A, 3B and 4, further com-
prising an upper patch 328, according to some em-
bodiments.

FIGs. 88A-88Biillustrate perspective views of anoth-
er optional battery connection feature for an on-skin
sensor assembly, in accordance with some embod-
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iments.

FIG. 89 illustrates a flowchart of another method for
applying an on-skin sensor assembly to skin of a
host, according to some embodiments.

FIG. 90 illustrates a magnified view of some features
of the applicator of FIGs. 71 and 72, according to
some embodiments.

FIG. 91 illustrates a perspective view of an on-skin
sensor assembly, according to some embodiments

DETAILED DESCRIPTION

[0059] The following description and examples illus-
trate some example embodiments in detail. Those of skill
inthe artwill recognize that there are numerous variations
and modifications of this disclosure encompassed by its
scope. Accordingly, the description of a certain example
embodiment should not be deemed to limit the scope of
the present disclosure.

System Introduction

[0060] FIG. 1 is a diagram depicting an example con-
tinuous analyte monitoring system 100 including an an-
alyte sensor system 102 comprising an on-skin sensor
assembly 160 configured to be fastened to the skin of a
host via a base (not shown). Analyte sensor system 102
is operatively connected to a host and a plurality of dis-
play devices 110-114 according to certain aspects of the
present disclosure. Example display devices 110-114
may include computers such as smartphones, smart-
watches, tablet computers, laptop computers, and desk-
top computers. In some embodiments, display devices
110-114 may be Apple Watches, iPhones, and iPads
made by Apple Inc., or Windows or Google devices. It
should be noted that display device 114 alternatively or
in addition to being a display device, may be a medica-
ment delivery device that can act cooperatively with an-
alyte sensor system 102 to deliver medicaments to the
host. Analyte sensor system 102 may include a sensor
electronics module 140 and a continuous analyte sensor
138 associated with sensor electronics module 140. Sen-
sor electronics module 140 may be in direct wireless com-
munication with one or more of the plurality of display
devices 110-114 via wireless communications signals.
As will be discussed in greater detail below, display de-
vices 110-114 may also communicate amongst each oth-
er and/or through each other to analyte sensor system
102. For ease of reference, wireless communications sig-
nals from analyte sensor system 102 to display devices
110-114 can be referred to as "uplink" signals 128. Wire-
less communications signals from, e.g., display devices
110-114 to analyte sensor system 102 can be referred
to as "downlink" signals 130. Wireless communication
signals between two or more of display devices 110-114
may be referred to as "crosslink" signals 132. Addition-
ally, wireless communication signals can include data
transmitted by one or more of display devices 110-113
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via "long-range" uplink signals 136 (e.g., cellular signals)
to one or more remote servers 190 or network entities,
such as cloud-based servers or databases, and receive
long-range downlink signals 142 transmitted by remote

U.S. Patent Publication No. US-2009-0192745-A1 . The
sensor can extend through a housing, which can maintain
sensor 138 on, in or under the skin and/or can provide
for electrical connection of sensor 138 to sensor elec-

servers 190. 5 ftronics in electronics unit 140.
[0061] In embodiments shown by FIG. 1, one of the [0067] In some embodiments, description of a base, a
plurality of display devices may be a custom display de- housing, a wearable, and/or a transmitter of on-skin sen-
vice 111 specially designed for displaying certain types sor assembly 160 may be interchangeable. In other em-
of displayable sensorinformation associated with analyte bodiments, a base and a housing of on-skin sensor as-
values received from the sensor electronics module 126 70 sembly 160 may be different in the sense that they may
(e.g., a numerical value and an arrow, in some embodi- be separate components from sensor electronics module
ments). In some embodiments, one of the plurality of dis- 140, e.g., from a transmitter or receiver.
play devices may be a handheld device 112, such as a [0068] Inseveral embodiments, sensor 138 isin aform
mobile phone based on the Android, iOS operating sys- of a wire. A distal end of the wire can be formed, e.g.,
tem or other operating system, a palm-top computerand 75 having a conical shape (to facilitate inserting the wire into
the like, where handheld device 112 may have arelatively the tissue of the host). Sensor 138 can include an elon-
larger display and be configured to display a graphical gated conductive body, such as an elongated conductive
representation of the continuous sensor data (e.g., in- core (e.g., a metal wire) or an elongated conductive core
cluding current and historic data). Other display devices coated with one, two, three, four, five, or more layers of
can include other hand-held devices, such as a tablet 20 material, each of which may or may not be conductive.
113, a smart watch 110, a medicament delivery device The elongated sensor may be long and thin, yet flexible
114, a blood glucose meter, and/or a desktop or laptop and strong. For example, in some embodiments, the
computer. smallest dimension of the elongated conductive body is
[0062] It should be understood that in the case of dis- less than 0.1 inches, less than 0.075 inches, less than
play device 134e, which may be a medicament delivery 25 0.05 inches, less than 0.025 inches, less than 0.01 inch-
device in addition to or instead of a display device, the es, less than 0.004 inches, less than 0.002 inches, less
alerts and/or sensor information provided by continuous than 0.001 inches, and/or less than 0.0005 inches.
analyte sensor 122 vis-a-vis sensor electronics module [0069] Sensor 138 may have a circular cross section.
126, can be used to initiate and/or regulate the delivery In some embodiments, the cross section of the elongated
of the medicament to host 120. 30 conductive body can be ovoid, rectangular, triangular,
[0063] Duringuse, asensing portion of sensor 138 may polyhedral, star-shaped, C-shaped, T-shaped, X-
be disposed under the host’s skin and a contact portion shaped, Y-shaped, irregular, or the like. In some embod-
of sensor 138 can be electrically connected to electronics iments, a conductive wire electrode is employed as a
unit 140. Electronics unit 140 can be engaged with a core. In otherembodiments, sensor 138 may be disposed
housing (e.g., a base) which is attached to an adhesive 35 onasubstantially planar substrate. To such an electrode,
patch fastened to the skin of the host. In some embodi- one or two additional conducting layers may be added
ments, electronics unit 140 is integrally formed with the (e.g., with intervening insulating layers provided for elec-
housing. Furthermore, electronics unit 140 may be dis- trical isolation). The conductive layers can be comprised
posable and directly coupled to the adhesive patch. of any suitable material. In certain embodiments, it may
[0064] Continuous analyte sensor system 100 canin- 40 be desirable to employ a conductive layer comprising
clude a sensor configuration that provides an output sig- conductive particles (i.e., particles of a conductive mate-
nal indicative of a concentration of an analyte. The output rial) in a polymer or other binder.
signal including (e.g., sensor data, such as a raw data [0070] In some embodiments, the materials used to
stream, filtered data, smoothed data, and/or otherwise form the elongated conductive body (e.g., stainless steel,
transformed sensor data) is sent to the receiver. 45 titanium, tantalum, platinum, platinum-iridium, iridium,
[0065] In some embodiments, analyte sensor system certain polymers, and/or the like) can be strong and hard,
100 includes a transcutaneous glucose sensor, such as and therefore can be resistant to breakage. For example,
is described in U.S. Patent Publication No. US- in several embodiments, the ultimate tensile strength of
2011-0027127-A1 . In some embodiments, sensor sys- the elongated conductive body is greater than 80 kPsi
tem 100 includes a continuous glucose sensor and com- 50 and less than 140 kPsi, and/or the Young’s modulus of
prises a transcutaneous sensor (e.g., as described in the elongated conductive body is greater than 160 GPa
U.S. Pat. No. 6,565,509, as described in U.S. Pat. No. and less than 220 GPa. The yield strength of the elon-
6,579,690, and/or as described in U.S. Pat. No. gated conductive body can be greater than 58 kPsi and
6,484,046). less than 2200 kPsi.
[0066] Various signal processing techniques and glu- 55 [0071] Electronics unit 140 can be releasably or per-
cose monitoring system embodiments suitable for use manently coupled to sensor 138. Electronics unit 140 can
with the embodiments described herein are described in include electronic circuitry associated with measuring
U.S. Patent Publication No. US-2005-0203360-A1 and and processing the continuous analyte sensor data. Elec-
14
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tronics unit 140 can be configured to perform algorithms
associated with processing and calibration of the sensor
data. For example, electronics unit 140 can provide var-
ious aspects of the functionality of a sensor electronics

an analyte sensor; a glucose sensor; and/or any other
suitable sensor. A sensor described in the context of any
embodiment can be any sensor described herein . Sen-
sors shown or described herein can be configured to

module as described in U.S. Patent Publication No. US- 5§ sense, measure, detect, and/or interact with any analyte.
2009-0240120-A1 and U.S. Patent Publication No. US- [0075] As used herein, the term "analyte" is a broad
2012-0078071-A1 . Electronics unit 140 may include term, and is to be given its ordinary and customary mean-
hardware, firmware, and/or software that enable meas- ing to a person of ordinary skill in the art (and is not to
urement of levels of the analyte via a glucose sensor, be limited to a special or customized meaning), and refers
such as sensor 138. 10 without limitation to a substance or chemical constituent
[0072] For example, electronics unit 140 can include in a biological fluid (for example, blood, interstitial fluid,
a potentiostat, a power source for providing power to sen- cerebral spinalfluid, lymphfluid, urine, sweat, saliva, etc.)
sor 138, signal processing components, data storage that can be analyzed. Analytes can include naturally oc-
components, and a communication module (e.g., a te- curring substances, artificial substances, metabolites, or
lemetry module) for one-way or two-way data communi- 75 reaction products.

cation between electronics unit 140 and one or more re- [0076] In some embodiments, the analyte for meas-
ceivers, repeaters, and/or display devices, such as de- urement by the sensing regions, devices, systems, and
vices 110-114. Electronic components can be affixed to methods is glucose. However, other analytes are con-
a printed circuit board (PCB), or the like, and can take a templated as well, including, but not limited to ketone
variety of forms. The electronic components can take the 20 bodies; Acetyl Co A; acarboxyprothrombin; acylcarnitine;
form of an integrated circuit (IC), such as an Application- adenine phosphoribosyl transferase; adenosine deami-
Specific Integrated Circuit (ASIC), a microcontroller, nase; albumin; alpha-fetoprotein; amino acid profiles (ar-
and/or a processor. The electronics unit 140 may include ginine (Krebs cycle), histidine/urocanic acid, homo-
sensor electronics that are configured to process sensor cysteine, phenylalanine/tyrosine, tryptophan); andrenos-
information, such as storing data, analyzing data 25 tenedione; antipyrine; arabinitol enantiomers; arginase;
streams, calibrating analyte sensor data, estimating an- benzoylecgonine (cocaine); biotinidase; biopterin; c-re-
alyte values, comparing estimated analyte values with active protein; carnitine; carnosinase; CD4; ceruloplas-
time-corresponding measured analyte values, analyzing min; chenodeoxycholic acid; chloroquine; cholesterol;
a variation of estimated analyte values, and the like. Ex- cholinesterase; cortisol; testosterone; choline; creatine
amples of systems and methods for processing sensor 30 kinase; creatine kinase MM isoenzyme; cyclosporin A;
analyte data are described in more detail in U.S. Pat. No. d-penicillamine; deethylchloroquine; dehydroepiandros-
7,310,544, U.S. Pat. No. 6,931,327, U.S. Patent Publi- terone sulfate; DNA (acetylator polymorphism, alcohol
cation No. 2005-0043598-A1, U.S. Patent Publication dehydrogenase, alpha 1-antitrypsin, cystic fibrosis,
No. 2007-0032706-A1, U.S. Patent Publication No. Duchenne/Becker muscular dystrophy, glucose-6-phos-
2007-0016381-A1, U.S. Patent Publication No. 35 phatedehydrogenase, hemoglobin A, hemoglobin S, he-
2008-0033254-A1, U.S. Patent Publication No. moglobin C, hemoglobin D, hemoglobin E, hemoglobin
2005-0203360-A1, U.S. Patent Publication No. F, D-Punjab, beta-thalassemia, hepatitis B virus, HCMV,
2005-0154271-A1, U.S. Patent Publication No. HIV-1, HTLV-1, Leber hereditary optic neuropathy,
2005-0192557-A1, U.S. Patent Publication No. MCAD, RNA, PKU, Plasmodium vivax, sexual differen-
2006-0222566-A1, U.S. Patent Publication No. 40 tiation, 21-deoxycortisol); desbutylhalofantrine; dihy-
2007-0203966-A1 and U.S. Patent Publication No. dropteridine reductase; diptheria/tetanus antitoxin;
2007-0208245-A1 . Electronics unit 140 may communi- erythrocyte arginase; erythrocyte protoporphyrin; este-
cate with the devices 110-114, and/or any number of ad- rase D; fatty acids/acylglycines; triglycerides; glycerol;
ditional devices, via any suitable communication proto- free B-human chorionic gonadotropin; free erythrocyte
col. Example communication methods or protocols in- 45 porphyrin; free thyroxine (FT4); free tri-iodothyronine
clude radio frequency; Bluetooth; universal serial bus; (FT3); fumarylacetoacetase; galactose/gal-1-phos-
any of the wireless local area network (WLAN) commu- phate; galactose-1-phosphate uridyltransferase; gen-
nication standards, including the IEEE 802.11, 802.15, tamicin; glucose-6-phosphate dehydrogenase; glutath-
802.20, 802.22 and other 802 communication protocols; ione; glutathione perioxidase; glycocholic acid; glyco-
ZigBee; wireless (e.g., cellular) telecommunication; pag- 50 sylated hemoglobin; halofantrine; hemoglobin variants;
ing network communication; magnetic induction; satellite hexosaminidase A; human erythrocyte carbonic anhy-
data communication; a proprietary communication pro- drase |; 17-alpha-hydroxyprogesterone; hypoxanthine
tocol, open source communication protocol, and/or any phosphoribosyl transferase; immunoreactive trypsin;
suitable wireless communication method. lactate; lead; lipoproteins ((a), B/A-1, B); lysozyme; me-
[0073] Additional sensor information is described in 55 floquine; netilmicin; phenobarbitone; phenytoin; phytan-
U.S. Patent No. 7,497,827 and U.S. Patent No. ic/pristanic acid; progesterone; prolactin; prolidase; pu-
8,828,201. rine nucleoside phosphorylase; quinine; reverse tri-io-
[0074] Any sensor shown or described herein can be dothyronine (rT3); selenium; serum pancreatic lipase;

15
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sissomicin; somatomedin C; specific antibodies (adeno-
virus, anti-nuclear antibody, anti-zeta antibody, arbovi-
rus, Aujeszky’s disease virus, dengue virus, Dracunculus
medinensis, Echinococcus granulosus, Entamoeba his-

a host (e.g., to skin of the host). The adhesive can be
configured foradhering to skin. The adhesive caninclude
apad (e.g., thatis located between the adhesive and the
base). Additional adhesive information, including adhe-

tolytica, enterovirus, Giardia duodenalisa, Helicobacter 5 sive pad information, is described in U.S. Patent Appli-
pylori, hepatitis B virus, herpes virus, HIV-1, IgE (atopic cation No. 14/835,603, which was filed on August 25,
disease), influenza virus, Leishmania donovani, lept- 2015.
ospira, measles/mumps/rubella, Mycobacterium leprae, [0079] As noted above, systems can apply an on-skin
Mycoplasma pneumoniae, Myoglobin, Onchocerca vol- sensor assembly to the skin of a host. The on-skin sensor
vulus, parainfluenza virus, Plasmodium falciparum, po- 70 assembly may include a base that comprises an adhe-
liovirus, Pseudomonas aeruginosa, respiratory syncytial sive to couple a glucose sensor to the skin. Other meth-
virus, rickettsia (scrub typhus), Schistosoma mansoni, ods are contemplated such as a strap, e.g., awatch band.
Toxoplasma gondii, Trepenoma pallidium, Trypanosoma [0080] Any of the features described in the context of
cruzi/rangeli, vesicular stomatis virus, Wuchereria ban- at least FIG. 1 can be applicable to all aspects and em-
crofti, yellow fever virus); specific antigens (hepatitis B 75 bodiments identified herein. Moreover, any of the fea-
virus, HIV-1); acetone (e.g., succinylacetone); acetoace- tures of an embodiment is independently combinable,
tic acid; sulfadoxine; theophylline; thyrotropin (TSH); thy- partly or wholly with other embodiments described herein
roxine (T4); thyroxine-binding globulin; trace elements; inany way, e.g., one, two, or three or more embodiments
transferrin; UDP-galactose-4-epimerase; urea; uropor- may be combinable in whole or in part. Further, any of
phyrinogen | synthase; vitamin A; white blood cells; and 20 the features of an embodiment may be made optional to
zinc protoporphyrin. other aspects or embodiments. Any aspect or embodi-
[0077] Salts, sugar, protein, fat, vitamins, and hor- ment of a method can be performed by a system or ap-
mones naturally occurring in blood or interstitial fluids paratus of another aspect or embodiment, and any as-
can also constitute analytes in certain embodiments. The pect or embodiment of a system can be configured to
analyte can be naturally present in the biological fluid or 25 perform a method of another aspect or embodiment.
endogenous, for example, a metabolic product, a hor- [0081] Throughout this disclosure, reference is made
mone, an antigen, an antibody, and the like. Alternatively, to an on-skin sensor assembly, which may also be de-
the analyte can be introduced into the body or exoge- scribed as a wearable. Such on-skin sensor assemblies
nous, for example, a contrast agent for imaging, a radi- (see FIGs. 1-4 and 68-70) may be disposable orreusable
oisotope, a chemical agent, a fluorocarbon-based syn- 30 and may (see FIGs. 68-70) or may not (see FIGs. 2-4)
thetic blood, or a drug or pharmaceutical composition, comprise a base or base plate. In some embodiments,
including but not limited to insulin; glucagon; ethanol; on-skin sensor assemblies having a base plate (e.g.,
cannabis (marijuana, tetrahydrocannabinol, hashish); in- FIGs. 68-70) may be reusable, whereas on-skin sensor
halants (nitrous oxide, amyl nitrite, butyl nitrite, chlorohy- assemblies without a base plate (e.g., FIGs. 2-4) may be
drocarbons, hydrocarbons); cocaine (crack cocaine); 35 disposable. Although FIG. 1 has already been discussed
stimulants (amphetamines, methamphetamines, Ritalin, with respect to on-skin sensor assembly 160, FIGs. 2A-
Cylert, Preludin, Didrex, PreState, Voranil, Sandrex, Ple- 4 and 68-70 describe at least some other embodiments
gine); depressants (barbiturates, methaqualone, tranqui- of an on-skin sensor assembly.
lizers such as Valium, Librium, Miltown, Serax, Equanil, [0082] FIG. 2A illustrates a perspective view of an on-
Tranxene); hallucinogens (phencyclidine, lysergic acid, 40 skin sensor assembly 260, in accordance with some em-
mescaline, peyote, psilocybin); narcotics (heroin, co- bodiments. On-skin sensor assembly 260 may comprise
deine, morphine, opium, meperidine, Percocet, Perco- an outer housing comprising a first, top portion 292 and
dan, Tussionex, Fentanyl, Darvon, Talwin, Lomotil); de- a second, lower portion 294. In some embodiments, the
signer drugs (analogs of fentanyl, meperidine, amphet- outer housing may comprise a clamshell design. On-skin
amines, methamphetamines, and phencyclidine, forex- 45 sensor assembly 260 may include similar components
ample, Ecstasy); anabolic steroids; and nicotine. The as electronics unit 140 described above in FIG. 1 (e.g. a
metabolic products of drugs and pharmaceutical compo- potentiostat, a power source for providing power to sen-
sitions are also contemplated analytes. Analytes such as sor 138, signal processing components, data storage
neurochemicals and other chemicals generated within components, and a communication module (e.g., a te-
the body can also be analyzed, such as, for example, 50 lemetry module) for one-way or two-way data communi-
ascorbic acid, uric acid, dopamine, noradrenaline, 3- cation, a printed circuit board (PCB), an integrated circuit
methoxytyramine (3MT), 3,4-dihydroxyphenylacetic acid (IC), an Application-Specific Integrated Circuit (ASIC), a
(DOPAC), homovanillic acid (HVA), 5-hydroxytryp- microcontroller, and/or a processor). The outer housing
tamine (5HT), 5-hydroxyindoleacetic acid (FHIAA), and may feature a large rounded body having tapered end
intermediaries in the Citric Acid Cycle. 55 opposite the large rounded body. The outer housing may
[0078] Many embodiments described herein may use further comprise an aperture 296 disposed at the tapered
an adhesive to couple a base or housing, a sensor mod- end of the outer housing and adapted for sensor 238 and
ule, a transmitter or electronics unit, and/or a sensor to needle insertion. Aperture 296 may be an opening fea-
16
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turing a U-shaped channel extending through the tapered
end of the outer housing. On-skin sensor assembly 260
may further comprise an adhesive patch 226 configured
to secure on-skin sensor assembly 260 to skin of the

polyester, polyurethane film, or other suitable type) for
skin attachment, though any suitable type of adhesive is
also contemplated. In some embodiments, adhesive
patch 326 may further comprise an adhesive on its top-

host. As shown, adhesive patch 226 may feature anap- 5 side, e.g., the non-skin contacting side to aid adherence
erture 298 having a similar shape as aperture 296 and of adhesive patch 326 to a portion of an associated ap-
substantially aligned with aperture 296. Sensor 238 may plicator during manufacture and/or to maintain adhesive
be configured to at least partially extend through aper- patch 326 in a substantially flat orientation before deploy-
tures 296 and 298. In some embodiments, adhesive ment to the skin of a host. In some embodiments, the
patch 226 may comprise an adhesive suitable for skin 70 adhesive applied to the topside may be weaker than the
adhesion, for example a pressure sensitive adhesive adhesive applied to the underside to ensure appropriate
(e.g., acrylic, rubber-based, or other suitable type) bond- transfer of the on-skin sensor assembly to the skin of the
ed to a carrier substrate (e.g., spun lace polyester, poly- host. As shown, adhesive patch 396 may feature an ap-
urethane film, or other suitable type) for skin attachment, erture 398 aligned with sensor assembly aperture 396
though any suitable type of adhesive is also contemplat- 75 such that sensor 338 may pass through a bottom of on-
ed. skin sensor assembly 360 and through adhesive patch
[0083] On-skin sensorassembly 260 may be attached 396.
to the host with use of an applicator adapted to provide [0086] FIG. 3B illustrates a bottom perspective view of
convenient and secure application. Such an applicator on-skin sensor assembly 360 of FIG. 3A. FIG. 3B further
may also be used for inserting sensor 238 through the 20 illustrates sensor assembly aperture 396 disposed sub-
host’s skin, and/or connecting sensor 238 to the elec- stantially in a center portion of a bottom of on-skin sensor
tronics unit. Once sensor 238 has been inserted into the assembly 360, and aperture 398, both adapted for sensor
skin (and is connected to the electronics unit), the sensor 338 and needle insertion.
assembly can detach from the applicator. [0087] FIG. 91 illustrates a perspective view of an on-
[0084] FIG. 2B illustrates a bottom perspective view of 25 skin sensor assembly 9160, according to some embod-
on-skin sensor assembly 260 of FIG. 2A. FIG. 2B illus- iments. On-skin sensor assembly 9160 may be substan-
trates aperture 296 disposed to a side of the outer hous- tially similar to other on-skin sensor assemblies de-
ing, and aperture 298, each adapted for sensor 238 and scribed in this application, such as on-skin sensor as-
needle insertion. semblies 160, 260, and 360. On-skin sensor assembly
[0085] FIG. 3A illustrates a perspective view of anon- 30 9160 may feature an adhesive patch 9126 and a clam-
skin sensor assembly 360, in accordance with some em- shell design comprising a top shell and a bottom shell,
bodiments. On-skin sensor assembly 360 may comprise similar to on-skin sensor assembly 360. Further, on-skin
an outer housing comprising a first, top portion 392 and sensor assembly 9160 may include a plurality of attach-
a second, lower portion 394. In some embodiments, the ment points 9162a and 9162b, similar to on-skin sensor
outer housing may comprise a clamshell design. On-skin 35 assembly 160. On-skin sensor assembly 9160 may in-
sensor assembly 260 may include similar components clude an aperture 9296. Aperture 9296 may be a through-
as electronics unit 140 described above in FIG. 1 (e.g. a hole extending through on-skin sensor assembly 9160.
potentiostat, a power source for providing power to sen- Aperture 9296 may be configured to allow a needle
sor 138, signal processing components, data storage and/or sensor to pass through. In some embodiments,
components, and a communication module (e.g., a te- 40 on-skin sensor assembly 9160 may further include an
lemetry module) for one-way or two-way data communi- aperture 9294. Aperture 9294 may extend from a top
cation, a printed circuit board (PCB), an integrated circuit surface of on-skin sensor assembly 9150 a certain depth
(IC), an Application-Specific Integrated Circuit (ASIC), a through on-skin sensor assembly 9160. In some embod-
microcontroller, and/or a processor). As shown, the outer iments, aperture 9294 is configured to engage with an
housing may feature a generally oblong shape. Theouter 45 anti-rotational feature such as base 7152 of needle hub
housing may further comprise an sensor assembly ap- 7150 described in FIG. 78.
erture 396 disposed substantially through a center por- [0088] In some embodiments, on-skin sensor assem-
tion of outer housing and adapted for sensor 338 and bly 9160 includes an identification tag 9150. Identification
needle insertion through a bottom of on-skin sensor as- tag 9150 may be located on a top surface of on-skin sen-
sembly 360. Insome embodiments, sensorassemblyap- 50 sor assembly 9150 (as shown), or on a side surface of
erture 396 may be a channel or elongated slot. On-skin on-skin sensor assembly. Identification tag 9150 may be
sensor assembly 360 may further comprise an adhesive an image which resembles a logo or mark identifying the
patch 326 configured to secure on-skin sensor assembly manufacturer of the on-skin sensor assembly. Addition-
360 to skin of the host. In some embodiments, adhesive ally, identification tag 9150 may be configured to be
patch 326 may comprise an adhesive suitable for skin 55 scanned by a user to pair the on-skin sensor assembly
adhesion on its underside, for example a pressure sen- with a device, such as handheld device 112. In some
sitive adhesive (e.g., acrylic, rubber-based, or other suit- embodiments, identification tag 9150 is a code such as,
able type) bonded to a carrier substrate (e.g., spun lace but not limited to, a QR code, a matrix code, a 2-D bar-
17

ABBOTT Exhibit 2003

Page 17 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.
IPR2024-00520



31 EP 3 928 688 B1 32

code, or a 3-D barcode. The code may be imbedded in
the image of identification tag 9150.

[0089] FIG. 4 illustrates a cross-sectional view of on-
skin sensor assembly 360 of FIGs. 3A and 3B. FIG. 4

Applicator Embodiments

[0092] FIG. 5 illustrates an exploded perspective view
of an applicator 500 for applying on-skin sensor assembly

illustrates the first, top portion 392 and the second, bot- 5 160 to skin 130 of a host, according to some embodi-
tom portion 394 of the outer housing, adhesive patch ments. In some embodiments, applicator 500 may in-
326, sensor assembly aperture 396 in the center portion clude an applicator housing 502 having an opening at its
of on-skin sensorassembly 360, aperture 398 in the cent- bottom and configured to house at least one or more
er portion of adhesive patch 326, and sensor 338 passing mechanisms utilized to apply on-skin sensor assembly
through sensor assembly aperture 396. The electronics 70 160 to skin 130 of a host. Applicator housing 502 may
unit, previously described in connection with FIG. 3A, be formed of any suitable material, e.g., a polymer, poly-
may further include a circuit board 404 and a battery 402 carbonate, ABS, nylon, polyethylene, polypropylene, etc.
configured to provide power to at least circuit board 404. In some embodiments, applicator housing 502 may be
[0090] FIG. 87 illustrates a cross-sectional view of on- configured to cover at least one feature of applicator
skin sensor assembly 360 of FIGs. 3A, 3B and 4, further 75 housing 502, for example a guide of a reciprocating or
comprising an upper patch 328, according to some em- back and forth mechanism, e.g., a scotch-yoke mecha-
bodiments. Upper patch 328 may comprise an adhesive nism (see FIG. 6B).
suitable for skin adhesion, device adhesion, or a combi- [0093] Applicator 500 includes an activation element
nation thereof, on its underside, for example a pressure 504 configured to activate a drive assembly of applicator
sensitive adhesive (e.g., acrylic, rubber-based, or other 20 500. In some embodiments, activation element 504 may
suitable type) bonded to a carrier substrate (e.g., spun be a button, a switch, a toggle, a slide, a trigger, a knob,
lace polyester, polyurethane film, or other suitable type) a rotating member, a component that deforms and/or
for skin and/or device attachment, though any suitable flexes or any other suitable mechanism for activating a
type of adhesive is also contemplated. In some embod- drive assembly of applicator 500.
iments, such an adhesive may be the same as the ad- 25 [0094] Applicator 500 may further comprise a needle
hesive applied to the underside of patch 326. In some carrier assembly 508, including an insertion element (not
other embodiments, the adhesive may be different from shown in FIG. 5) configured to insert sensor 138 of on-
the adhesive applied to the underside of patch 326. In skin sensor assembly 160 (e.g., FIG. 1) at least partially
some embodiments, upper patch 328 may be shaped as into skin 130 of the host. The insertion element is further
a circle, oval, partial strip, as an X, or as any other shape 30 illustrated in FIG. 6H as attaching to needle carrier as-
or form suitable for securing upper patch 328 to lower sembly 508 and extending in the distal direction, sub-
patch 326 and/or the skin of the host. The upper patch stantially along an axis of insertion. In some embodi-
328 may fully or partially cover on-skin sensor assembly ments, needle carrier assembly 508 comprises a needle
360. The upperpatch 328 may improve adhesion lifespan carrier or shuttle. In some embodiments, the insertion
of on-skin sensor assembly 360 on skin 130 of the host 35 elementcomprises aneedle, forexample, anopen sided-
by adding additional adhesive contact area to the surface needle, a deflected-tip needle with a deflected-tip, a
of the skin 130 and/or providing a single surface covering curved needle, a polymer-coated needle, a hypodermic
the wearable thatreduces therisk ofinadvertent mechan- needle, or any other suitable type of needle or structure,
ical removal (e.g. catching, snagging, tearing) by reduc- as will be described in more detail in connection with at
ing catch surfaces/edges on on-skin sensor assembly 40 least FIGs. 47-50 and 80A-B. In yet other embodiments,
360. Itis contemplated that reducing surfaces of on-skin insertion element may comprise sensor 138 itself, suffi-
sensorassembly 360 thatare substantially perpendicular ciently rigid to be inserted partially into skin 130 of the
to the body surfaces may improve catch resistance. Such host with minimal or no structural support, such as de-
increased wearable lifespan provided by upper patch 328 scribed in U.S. Patent No. 9,357,951, which was filed on
may be a valuable property, especially as systems move 45 September 29, 2010, U.S. Patent Publication No. US
toward and beyond 10-14 day wearable adhesion solu- 2014/0107450, which was filed on February 28, 2013,
tions. and U.S. Patent Publication No. US 2015/0289788,
[0091] In some embodiments, upper patch 328 may which was filed on April 10, 2014.
be assembled into any applicator in this description, [0095] Applicator 500 may further comprise a drive as-
above on-skin sensor assembly 360, with underside ad- 50 sembly 510 configured to drive the insertion element of
hesive exposed. Upon deployment of on-skin sensor as- needle carrier assembly 508 in a distal direction to a distal
sembly 360 by the applicator, patch 326 may adhere to insertion position and in a proximal direction from the
skin 130 of the host and upper patch 328 may be adhered distal insertion position to a proximal retraction position.
over on-skin sensor assembly 360 and onto skin 130 of A distal direction may be defined as extending towards
the host by one or more features of the applicator, for 55 an open-ended side of the applicator 500 along a path
example, a holder and/or needle carrier assembly as de- needle carrier assembly 508 is configured to travel. The
scribed in connection with any figure herein. distal direction may also be defined as towards the skin
of a user. A proximal direction may be defined as a di-
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rection extending in a substantially opposite direction
from the distal direction. In some embodiments, the distal
direction and the proximal direction extend along an in-
sertion axis of the insertion element and of needle carrier

configured to guide on-skin sensor assembly 160 while
coupled to needle carrier assembly 508. In some embod-
iments, holder 524 may also be referred to as a carrier
or transport member.

assembly 508. 5 [0100] FIG.6A-6H illustrates cutaway and perspective
[0096] Drive assembly 510 mayinclude arotatingdrive views of several features of applicator 500 of FIG. 5, ac-
element 514 coupled to needle carrier assembly 508 via cording to some embodiments. FIG. 6A illustrates a cut-
an axle 526. In some embodiments, rotating drive ele- away view of applicator 500 including applicator housing
ment 514 comprises a cam feature, e.g., a wheel cam, 502, activation element 504, needle carrier assembly
having a substantially circular or ovoid circumference. 70 508, rotating drive element 514, pin 516, and holder 524.
Rotating drive element 514 may be configured to rotate Each of these components may have functionality as pre-
with respect to needle carrier assembly 508 about an viously described in connection with at least FIG. 5.
axis of rotation 518 coincident with a centerline of axle [0101] FIG. 6B illustrates guide 582 in applicator hous-
526. Rotating drive element 514 may further include a ing 502. In some embodiments, guide 582 may comprise
pin 516 disposed at a position on a face of rotating drive 75  a scotch-yoke track in which pin 516 is configured to trav-
element 514 displaced radially from axis of rotation 518. elupon activation of drive assembly 510, as rotating drive
Pin 516 is configured to travel in a guide (see FIG. 6B) element 514 rotates.
of applicator housing 502. [0102] FIG. 6C illustrates a plurality of tracks 622a,
[0097] Drive assembly 510 may furtherinclude aspring 622b, 622c in applicator housing 502 in which a respec-
512. Spring 512 may be a torsion spring, a clock spring, 20 tive one of a plurality of protrusions or ribs 624a, 624b,
a power spring, or any other suitable type of spring. 624c of needle carrier assembly 508 are configured to
Spring 512 may be formed of any suitable material in- slide. Accordingly, tracks 622a-622c in applicator hous-
cluding but not limited to plastic or metal, e.g., stainless ing 502 define a path of travel for needle carrier assembly
steel. In some embodiments, spring 512 is pre-com- 508. In some embodiments, this path of travel is substan-
pressed before activation of the applicator. In some em- 25 tially linear and longitudinal. Although three tracks and
bodiments, spring 512 is configured to be additionally protrusions are shown in FIG. 6C, any number of tracks
loaded during activation of the applicator. Spring 512 may and respective protrusions are contemplated. For ease
have a first end 520 coupled to needle carrier assembly of understanding, FIG. 6C illustrates a partial bottom view
508 and a second end 522 coupled to rotating drive el- of applicator 500, which also shows portions of on-skin
ement 514. Spring 512 may be disposed coaxially with 30 sensor assembly 160 and holder 524.
axle 526. Spring 512 may be configured to, upon activa- [0103] FIG. 6D illustrates an embodiment where nee-
tion of drive assembly 510, rotate rotating drive element dle carrier assembly 508 comprises a locking element
514 in a single direction with respect to needle carrier 632 configured to prevent rotating drive element 514 from
assembly 508. In some embodiments, spring 512 is con- rotating. Specifically, rotating drive element 514 compris-
figured, upon activation of drive assembly 510, tounwind 35 es a protrusion 634 in contact with retention element 632,
by rotating greater than zero degrees and less than 360 which prevents protrusion 634 from traveling in a path it
degrees. In some embodiments, spring 512 is pre-wound would otherwise take as spring 512 releases at least a
between 30 and 1440 degrees. portion of its stored energy in rotating drive element 514.
[0098] By virtue of rotating drive element 514 being In some embodiments, retention element 632 comprises
configured to rotate with respect to needle carrierassem- 40  adeflectable tab formed of a material such as a polymer,
bly 508, about axis of rotation 518, and pin 516 being polycarbonate, ABS, nylon, polyethylene, polypropyl-
restrained to travel in the guide of applicator housing 502, ene, or any other suitable material. Activation element
rotational motion of rotating drive element 514, driven by 504 comprises a protrusion 640 configured to deflect re-
spring 512, is converted into linear, reciprocating motion tention element 632 such that protrusion 634 is no longer
of needle carrier assembly 508 along axis 590 and, there- 45 held by retention element 632, thereby allowing rotating
fore, of the insertion element (not shown). More specifi- drive element 514 to rotate and activating drive assembly
cally, rotation of rotating drive element 514 drives inser- 510. Rotating drive element 514 further comprises a ridge
tion element 508 in the distal direction to the distal inser- 636 configured to limit rotation of rotating drive element
tion position and in the proximal direction from the distal 514 as rotating drive element 514 rotates and ridge 636
insertion position to the proximal retraction position. Such 50 comes in contact with retention element 632.
embodiments may be able to omit handoff mechanisms [0104] FIG. 6E illustrates a retention element 642 of
between aspects of drive assembly 510 that separately holder 524 and a stop element 644 of applicator housing
drive the needle carrier assembly 508 in the distal and 502 configured to immobilize holder 524 to applicator
proximate directions by virtue of a single mechanism that housing 502 upon needle carrier assembly 508 reaching
converts rotational motion into reciprocating linear mo- 55 the distal insertion position. In some embodiments, re-
tion. tention element 642 is a deflectable arm, or any other
[0099] Applicator 500 may further include a holder 524 type of protrusion or snap. Forexample, as needle carrier
releasably coupled to needle carrier assembly 508 and assembly 508 travels in the distal direction, as a result
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of spring 512 turning rotating drive element 514, retention
element 642 slides along an inside surface of applicator
housing 502 until retention element 642 is slightly de-
flected by stop element 644, then snappingin an outward

a feature may be present in any applicator described
herein.

[0108] FIG. 6H illustrates retention elements 672a,
672b of holder 528 configured to releasably couple on-

direction under stop element 644. At this point, needle 5 skin sensorassembly 160 to holder 528 as needle carrier
carrierassembly 508 may be free to progress in the prox- assembly 508 travels in the distal direction to the distal
imal direction as a result of spring 512 further turning insertion position, and to decouple on-skin sensor as-
rotating drive element 514. Stop element 644 will prevent sembly 160 from holder 528 as needle carrier assembly
retention element 642, and so holder 524, from traveling 508 travels in the proximal direction from the distal inser-
in the proximal direction. In this way, movementof needle 70 tion position towards the proximal retraction position.
carrier assembly 508 in the proximal direction, after Specifically, retention elements 672a, 672b may each
reaching the distal insertion position, releases holder 524 comprise a first end 676a, 676b, a second end 678a,
from needle carrier assembly 508 and/or on-skin sensor 678b, and a pivot point 680a, 680b. As needle carrier
assembly 160. assembly 508 travels in the distal direction to the distal
[0105] FIG. 6F illustrates a protrusion 652 of holder 75 insertion position, first end 676a, 676b of each of reten-
524 and a protrusion 654 of applicator housing 502 con- tion elements 672a, 672b is immobilized in a respective
figured to prevent holder 524 from travelling beyond the guide 674a, 674b of needle carrier assembly 508 and
distal insertion position in the distal direction. For exam- each of retention elements 672a, 672b is immobilized
ple, as holder 524 is drivenin the distal direction by needle against interference points 682a, 682b of needle carrier
carrier assembly 508, protrusion 652 travels along an 20 assembly 508, thereby releasably coupling second ends
inside surface of the applicator housing 502 until protru- 678a, 678b to attachment points 662a, 662b of on-skin
sion 652 comes in contact with protrusion 654, at which sensor assembly 160. In some embodiments, guides
point holder 524 is prevented from further travel in the 674a, 674b comprise a slot or a stop element. Since re-
distal direction. tention elements 642, 644 and/or protrusions 652, 654
[0106] FIG. 6G illustrates on-skin sensor assembly 25 immobilize holder 524 at the distal insertion position (as
160 including a plurality of attachment points 662a-662f described in FIG. 6E), as needle carrier assembly 508
configured to mate with respective retention elements on travels back in the proximal direction, needle carrier as-
needle carrier assembly 508 and/or holder 524 while sembly 508 separates from holder 524, thereby separat-
traveling at least partially toward the distal insertion po- ing first ends 676a, 676b of retention elements 672a,
sition, in the distal direction, during applicator activation. 30 672b from respective slots 674a, 674b, allowing firstends
In some embodiments, attachment points 662a-662f are 676a, 676b to deflect inward and second ends 678a,
small grooves or indentations. Although a plurality of at- 678b to deflect outward from attachment points 662a,
tachment points 662a-662f are illustrated, any number 662b of on-skin sensor assembly 160 as retention ele-
of attachment points are contemplated. In some embod- ments 672a, 672b rotate about pivot points 680a, 680b.
iments, the respective retention elements may comprise 35 Although two retention elements are illustrated, any
snap fits, friction fits, interference features, elastomeric number of retention elements are contemplated. More-
grips and/or adhesives configured to couple on-skin sen- over, some alternative mechanisms that may perform
sor assembly 160 with needle carrier assembly 508 such retention and release actions are further described
and/or holder 524. in connection with at least FIGs. 35A-37C below. Any of
[0107] Moreover, during pressure fluctuations, suchas 40 these alternative mechanisms are contemplated for use
at high altitude or vacuum during sterilization processes with applicator 500.

for example, air present within on-skin sensor assembly [0109] A brief description of the operation of applicator
160 may exert a deforming force from within the cavity 500 follows with respect to FIGs. 7A-7F, which illustrate
of on-skin sensor assembly 160. Although not shown in several perspective views of the applicator of FIG. 5 in
FIG. 6G, in some embodiments, on-skin sensor assem- 45 sequence, during operation, according to some embod-
bly 160 may have at least a portion formed with a reduced iments.

thickness or a second material (e.g. an elastomer) and, [0110] FIG. 7A illustrates a pre-activated state of ap-
therefore, reduced strength and rigidity, such that when plicator 500. Applicator housing 502 and slot 582 remain
applicator 500 is exposed to such pressure fluctuations, stationary with respect to the skin of the host during ac-
the portions having the reduced thickness or second ma- 50 tivation. Activation element 504 is in a pre-activation po-
terial deform in a controlled manner, thereby reducing or sition. Insertion assembly 508 is also in a pre-activation
eliminating damage that would otherwise occur to on- position, coupled to holder 524, which is releasably cou-
skin sensor assembly 160 due to undesirable uncon- pled to on-skin sensor assembly 160, as described in
trolled expansion of on-skin sensor assembly 160. The connection with at least FIGs. 6A-6H. At least a portion
portion formed with reduced thickness or a second ma- 55 of insertion element 674 of needle carrier assembly 508
terial may be selected to direct controlled expansion isillustrated as protruding, in a distal direction, below on-
away from datum and/or retention features securing the skin sensor assembly 160. Insertion element 674 may
on-skin sensor assembly to applicator assembly. Such comprises a needle, for example, an open sided-needle,
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aneedle with a deflected-tip, a curved needle, a polymer-
coated needle, a hypodermic needle, deflected-tip or any
other suitable type of needle or structure, as will be de-
scribed in more detail in connection with at least FIGs.

shown as having moved to a third position within guide
582, shown as being to the right of the first, pre-activation
position and the second, activation position of FIG. 7C.
Insertion assembly 508, insertion element 674, holder

47-50 and 80A-B. Insertion element 674 may be config- 5 524 and on-skin sensor assembly 160 are driven in the
ured to guide at least a portion of sensor 138 of on-skin distal direction to the distal insertion position as rotating
sensor assembly 160. rotating drive element 514 of drive drive element 514 is further rotated by the force gener-
assembly 510 is shown in a pre-activation position, hav- ated by spring 512. In this distal insertion position, at least
ing pin 516 located at a first position within guide 582 of a portion of insertion element 674 as well as at least a
applicatorhousing 502, and having protrusion 634 incon- 10 portion of sensor 138 of on-skin sensor assembly 160
tact with retention element 632. In FIG. 7A, pin 516 is may be inserted into skin 130 of the host. At this position,
positioned approximately 30 degrees (illustrated as retention elements 642, 644 (see FIG. 6) may be en-
clockwise, though counterclockwise is also contemplat- gaged and protrusions 652 and 654 (see FIG. 6) may be
ed) from a bottom dead center orientation relative to an in contact with one another. In FIG. 7D, pin 516 is posi-
axis of rotation of rotating drive element 514 that passes 15 tioned approximately 180 degrees (illustrated as clock-
through a center of the face on which pin 516 is disposed. wise, though counterclockwise is also contemplated)
[0111] FIG. 7B illustrates a state of applicator 500 at from the bottom dead center orientation relative to the
activation. Activation element 504 is illustrated in an ac- axis of rotation of rotating drive element 514.

tivated position, having been pushed longitudinally in the [0114] FIG. 7E illustrates applicator 500 during activa-
distal direction by a user, for example. In the activated 20 tion. Activation element 504 is illustrated in the activated
position, activation element 504 deflects retention ele- position of FIGs. 7B-7D. Rotating drive element 514 is
ment 632 such that protrusion 634 of rotating drive ele- shown as having rotated further compared to FIG. 7D,
ment 514 is unimpeded from moving, thus allowing ro- indicated by the circular arrow. Pin 516 is shown as hav-
tating drive element 514 to rotate by the unwinding of ing moved to a fourth position within guide 582. This
spring 512. Since FIG. 7B illustrates applicator 500 just 25 fourth position is shown as being to the right of the first
at activation, rotating drive element 514, pin 516, needle through third positions previously discussed. Insertion
carrier assembly 508, insertion element 674, holder 524 assembly 508 and insertion element 674 are now shown
and on-skin sensor assembly 160 are still shown in their as being driven in the proximal direction from the distal
pre-activation orientations and locations as in FIG. 7A. insertion position as rotating drive element 514 is further
However, rotating drive element 514 will rotate in the di- 30 rotated by the force generated by spring 512. Since re-
rection of the circular arrow, and needle carrier assembly tention elements 642, 644 (see FIG. 6) are engaged and
508, insertion element 674, holder 524 and on-skin sen- protrusions 652 and 654 (see FIG. 6) may be in contact
sorassembly 160 will be driven, by pin 516 under rotating with one another, holder 524 and on-skin sensor assem-
drive element 514 rotation, in the distal direction to the bly 160 are shown as separated from needle carrier as-
distal insertion position. However, the present disclosure 35 sembly 508. In the position shown by FIG. 7E, on-skin
is not so limited, and rotating drive element 514 may be sensor assembly 160 may also be decoupled from holder
configured to rotate in a direction opposite of the direction 524, as previously described in connection with FIG. 6H.
of the circular arrow. [0115] FIG. 7F illustrates applicator 500 post-activa-
[0112] FIG. 7C illustrates a state of applicator 500 dur- tion. Activation element 504 is illustrated in the activated
ing activation. Activation element 504 is illustrated inthe 40 position of FIGs. 7B-7E. Rotating drive element 514 is
activated position of FIG. 7B. Rotating drive element 514 shown as having rotated further compared to FIG. 7E,
is shown as having rotated a portion of a revolution, in- indicated by the circular arrow, such that ridge 636 is in
dicated by the circular arrow, protrusion 634 having ad- contact with retention element 632, thereby restricting
vanced beyond retention element 632. Pin 516 is shown further rotation of rotating drive element 514. Pin 516 is
as having moved to a second position within guide 582. 45 shown as having moved to a fifth position within guide
This second position is shown as being to the left of the 582, which is shown as being to the left of the fourth,
first, pre-activation position. Insertion assembly 508, in- right-most position, as pin 516 travels back along guide
sertion element 674, holder 524 and on-skin sensor as- 582. Insertion assembly 508 and insertion element 674
sembly 160 are driven in the distal direction toward the are shown in the proximal retraction position. Holder 524
distal insertion position when rotating drive element 514 50 and on-skin sensor assembly 160 are shown as sepa-
is rotated by a force generated by spring 512. rated from needle carrier assembly 508. In the position
[0113] FIG. 7D illustrates applicator 500 during activa- shown by FIG. 7F, on-skin sensor assembly 160 may
tion, in the distal insertion position. Activation element also be decoupled from holder 524, as previously de-
504 is illustrated in the activated position of FIGs. 7B and scribed in connection with FIG. 6H. In FIG. 7F, pin 516
7C. Rotating drive element 514 is shown as having ro- 55 is positioned approximately 330 degrees (illustrated as
tated clockwise further compared to FIG. 7C, indicated clockwise, though counterclockwise is also contemplat-
by the circular arrow, protrusion 634 having advanced ed) from the bottom center orientation relative to the axis
yet further beyond retention element 632. Pin 516 is of rotation of rotating drive element 514.
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[0116] FIGs. 8-10 illustrate cutaway views of applica-
tors 800, 900, 1000 similar to applicator 500 of FIG. 5,
however, alternatively having activation elements 804,
904, 1004 disposed on an upper, medial, and lower side

40

and spring 512 may be disposed coaxially with respect
to one another. As shown by the circular arrow, rotating
drive element 514 may be rotated about axle 526 in a
circular direction opposite of a direction that rotating drive

of, rather than on a top of, an applicator housing 802, 5 element 514 rotates during activation, thereby pre-stor-
902, 1002, respectively. Applicators 800, 900, 1000 may ing energy in spring 512. Axle 524 may be fully inserted
comprise substantially all features of applicator 500 and into the portion of needle carrier assembly 508 such that
have substantially the same operation. For example, ap- protrusion 634 is in contact with retention element 632,
plicator housing 802, 902, 1002, activation element 804, thereby preventing rotating drive element 514 from ro-
904, 1004, a needle carrier assembly 808, 908, 1008, a 70 tating until activation. In some embodiments, rotating
rotating drive element 814, 914, 1014, including a pin drive element 514 may be rotated about axle 504 such
816,916,1016 and a protrusion 834, 934, 1034 and a that spring 512 is only partially wound. In such embodi-
retention element 832, 932, 1032 may correspond sub- ments, spring 512 may be fully wound at a later stage of
stantially to applicator housing 502, activation element assembly. Although FIG. 11B illustrates rotating drive
504, needle carrier assembly 508, rotating drive element 75 element 514 as having a male-type aspect configured to
514 including pin 516 and protrusion 504, and retention mate with a female-type aspect of hub 1104, the present
element 502 of applicator 500, respectively. disclosure also contemplates rotating drive element 514
[0117] However, in FIG. 8, activation element 804 is as having a female-type aspect configured to mate with
disposed on an upper side, rather than on a top, of ap- a male-type aspect of hub 1104.
plicator housing 802 and may be configured to, uponac- 20 [0122] FIG. 11C illustrates pushing retention elements
tivation, deflect retention element 832 such that protru- 672a, 672b toward a center of holder 524 and coupling
sion 834 no longer restrains rotating drive element 814 holder 524 to needle carrier assembly 508 by seating
from rotating under force of a spring (not shown in FIG. first ends 676a, 676b of retention elements 672a, 672b
8) similar to spring 512 of applicator 500. In FIG. 9, acti- into respective slots 674a, 674b of needle carrier assem-
vation element 904 is disposed on a medial side, rather 25 bly 508.
than on a top, of applicator housing 902 and may be [0123] FIG. 11D illustrates coupling on-skin sensor as-
configured to, upon activation, deflect retention element sembly 160 to holder 524 by snapping second ends 678a,
932 such that protrusion 934 no longer restrains rotating 678b (notshownin FIG. 11D) of retention elements 672a,
drive element 914 from rotating under force of a spring 672binto attachment points 662a, 662b of on-skin sensor
(not shown in FIG. 9) similar to spring 512 of applicator 30 assembly 160. In some embodiments, retention ele-
500. As shown, due to the medial side location of activa- ments 672a, 672b may comprise snap fits, friction fits,
tion element 904, retention element 932 may be located interference features, elastomeric grips and/or adhe-
substantially on a side of rotating drive element 914. sives.
[0118] InFIG. 10, activation element 1004 is disposed [0124] FIG. 11E illustrates inserting the assembled
on alower side, ratherthan on a top, of applicatorhousing 35 needle carrier assembly 508, rotating drive element 514,
1002 and may be configured to, upon activation, deflect holder 524, and on-skin sensor assembly 160 into appli-
retention element 1032 such that protrusion 1034 no cator housing 502 through the opening in the bottom of
longer restrains rotating drive element 1014 from rotating applicator housing 502 and through a vertical portion of
under force of a spring (not shown in FIG. 10) similar to guide 582 (see FIG. 11F). During such insertion, pin 516
spring 512 of applicator 500. As shown, due to the lower 40 of rotating drive element 514 is inserted along at least
side location of activation element 1004, retention ele- the vertical portion of guide 582 in applicator housing
ment 1032 may be located substantially on a side of ro- 502, as shown in FIG. 11F. Accordingly, spring 512 (not
tating drive element 1014. 50 shown in FIGs. 11E, 11F) may not be fully wound at this
[0119] An example of steps for assembling an appli- point, instead being partially wound to the extent that pin
cator such as applicators 500, 800, 900, 1000 of FIG. 5 45 516 of rotating drive element 514 is positioned to be in-
and 8-10 will now be discussed in connection with FIGs. serted along guide 582 in applicator housing 502.
11A-11H. [0125] FIG. 11G illustrates positioning the assembled
[0120] FIG. 11A illustrates coupling first end 520 of needle carrier assembly 508, rotating drive element 514,
spring 512 to needle carrier assembly 508. First end 520 holder 524, and on-skin sensor assembly 160 further in
may be coupled to, or disposed against, a protrusion 50 the proximal direction into applicator housing 502 such
1102 of needle carrier assembly 508 and spring 512 may that pin 516 of rotating drive element 514 follows guide
beinserted around a hub 1104 of needle carrier assembly 582 of applicator housing 502, thereby turning rotating
508 such that spring 512 and hub 1104 are disposed drive element 514 fully winding spring 512 (not shown in
coaxially with one another. FIG. 11G) and positioning protrusion 634 in contact with
[0121] FIG. 11B illustrates coupling second end 522 55 retention element632 such thatthe drive assembly, com-
of spring 512 with rotating drive element514 and inserting prising at least rotating drive element 514, having pin
axle 526 into hub 1104 of needle carrier assembly 508 516, and spring 512, are loaded for activation.
within which axle 526 may rotate. Axle 526, hub 1104, [0126] FIG. 11H illustrates a magnified cutaway view
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of area 1106 of FIG. 11G illustrating the relationship be-
tween rotating drive element 514, pin 516, guide 582,
protrusion 634 and retention element 632.

42

plicator housing 1202. Second tang 1222 may be coupled
to needle carrier assembly 1208, e.g., a hook or protru-
sion of needle carrier assembly 1208. Upon activation of

[0127] FIG. 11J illustrates inserting activation element drive assembly 1210, first tang 1220 and second tang
504 into applicator housing 502. 5 1222 of spring 1212 unwind in opposite clockwise or
[0128] FIG. 12illustrates an exploded perspective view counterclockwise directions, thereby driving spring 1212
of another applicator 1200 for applying an on-skin sensor inan arc and insertion element 1208 in the distal direction
assembly to a skin of a host, according to some embod- tothe distal insertion position and in the proximal direction
iments. Applicator 1200 may include an applicator hous- from the distal insertion position. The arc through which
ing 1202 having an opening in its bottom and configured 70 drive assembly 1210 travels may extend in a direction
to house at least one or more mechanisms utilized to approximately perpendicular to the distal direction and
apply on-skin sensor assembly 160 to skin 130 (see FIG. the proximal direction, or in an arc defined by the tangs
2) of a host. of the spring and the rotation points.
[0129] Applicator 1200 includes an activation element [0132] Applicator 1200 may further include a holder
1204 configured to activate adrive assembly of applicator 76 1224 releasably coupled to needle carrierassembly 1208
1200. In some embodiments, activation element 1204 and configured to guide on-skin sensor assembly 160
may be a button, a switch, a toggle, a slide, a trigger, a while coupled to needle carrier assembly 1208. In some
knob, a rotating member, a component that deforms embodiments, holder 1224 may comprise a stripper
and/or flexes or any other suitable mechanism for acti- plate. As will be described in more detail below, on-skin
vating a drive assembly of applicator 1200.Applicator 20 sensor assembly 160 may be stripped from holder 1224
1200 may further comprise a needle carrier assembly and needle carrier assembly 1208 once on-skin sensor
1208, including an insertion element (not shown in FIG. assembly 160 is disposed on skin 130 of the host.
12) configured to insert sensor 138 of on-skin sensor [0133] FIG. 13A-13F illustrate perspective and cuta-
assembly 160 (e.g., FIG. 1) into skin 130 of the host. In way views of several features of applicator 1200 of FIG.
some embodiments, the insertion element comprises a 25 12, according to some embodiments. FIG. 13A illustrates
needle, for example a C-needle, as will be described in a cross-sectional view of applicator 1200, including ap-
more detail in connection with at least FIGs. 47-50 and plicator housing 1202 having retention element 1334, ac-
80A-B. tivation element 1204, spring spool 1250, spring 1212
[0130] Applicator 1200 may further comprise a drive having firsttang 1220 and second tang 1222, needle car-
assembly 1210 configured to drive the insertion element 30 rier assembly 1208 having retention element 1332, hold-
of needle carrier assembly 1208 in the distal direction to er 1224, and on-skin sensor assembly 160. In some em-
a distal insertion position and in the proximal direction bodiments, retention element 1332 may comprise snap
from the distal insertion position to a proximal retraction fits, friction fits, interference features, elastomeric grips
position. A distal direction may be defined as extending and/or adhesives configured to couple on-skin sensor
towards an open-ended side of the applicator 1200 along 35 assembly 160 with needle carrier assembly 1208 and/or
a path needle carrierassembly 1208 is configured to trav- holder 1224. Each of these components may have func-
el. The distal direction may also be defined as towards tionality as previously described in connection with at
the skin of a user. A proximal direction may be defined least FIG. 12. Moreover, first tang 1220 is configured to,
as a direction extending in a substantially opposite direc- upon activation of the drive assembly, rotate about a ro-
tion from the distal direction. In some embodiments, the 40 tation point 1336. Second tang 1222 is similarly config-
distal direction and the proximal direction extend along ured.
an insertion axis of the insertion element and of needle [0134] FIG. 13F illustrates a magnified perspective
carrier assembly 1208. view of a retention element 1342 of holder 1224 and a
[0131] Drive assembly 1210 may include aspring 1212 stop element 1344 of applicator housing 1202 configured
having a first tang 1220 (e.g., end) and a second tang 45 toimmobilize holder 1228 to applicator housing 1202 up-
1222 (e.g., end). Spring 1212 may be a torsion spring, a on needle carrier assembly 1208 reaching the distal in-
double torsion spring, or any other suitable type of spring. sertion position. In some embodiments, retention ele-
Spring 1212 may be supported by a spring spool 1250 ment 1342 is a deflectable arm. For example, as needle
comprising a first portion 1250a and an optional second carrier assembly 1208 travels in the distal direction, as
portion 1250b. In some embodiments, spring 1212is self- 50 a result of spring 1212 partially unwinding, retention el-
supporting and is not supported by a spring spool. First ement 1342 slides along an inside surface of applicator
portion 1250a may be configured to couple with second housing 1202 and is deflected by stop element 1344 until
portion 1250b such that spring spool 1250 is disposed retention element 1342 snaps under stop element 1344.
coaxially with spring 1212 and provides support for spring In some embodiments, the functionality between reten-
1212 along an axis of rotation 1218 of spring 1212. As 55 tion element 1342 and stop element 1344 may be
will be shown in more detail in connection with FIG. 13, swapped, e.g., stop element 1344 may be configured to
first tang 1220 of spring 1212 may be coupled to appli- be deflected by and snap over retention element 1342.
cator housing 1202, e.g., to a hook or protrusion of ap- At this point, though needle carrier assembly 1208 may
23
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be free to progress in the proximal direction, as a result
of spring 1212 unwinding further, stop element 1344 will
preventretention element 1342, and so holder 1224, from
traveling back in the proximal direction. In this way, move-
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though two retention elements are illustrated, any
number of retention elements are contemplated. More-
over, alternative mechanisms that may perform such re-
tention and release actions are further described in con-

ment of needle carrier assembly 1208 in the proximal 5 nection with at least FIGs. 35A-37C below. Any of these
direction after reaching the distal insertion position allows alternative mechanisms are contemplated for use with
holder 1224 and/or needle carrier assembly 1208 to be applicator 1200.
released from on-skin sensor assembly 160. [0139] FIG. 13E illustrates a perspective view of a plu-
[0135] FIG. 13B illustrates a magnified cutaway view rality of tracks 1322a, 1322b, 1322c in applicator housing
of a portion of needle carrier assembly 1208 comprising 70 1202 in which a respective plurality of protrusions 1324a,
a retention element 1332 configured to interlock with a 1324b, 1324c of needle carrier assembly 1208 are con-
retention element 1334 of applicator housing 1202 and figured to slide. Accordingly, tracks 1322a-1322c in ap-
prevent needle carrier assembly 1208 from separating plicator housing 1202 define a path of travel for needle
from applicator housing 1202 in the loaded, pre-activated carrier assembly 1208. In some embodiments, this path
position. Activation element 1204 is configured to deflect 75  of travel is substantially linear and longitudinal. Although
retention element 1332 such that retention element 1334 three tracks and protrusions are shown in FIG. 13E, a
no longer holds retention element 1332, thereby allowing single track or a plurality of tracks and respective protru-
spring 1212 to separate needle carrier assembly 1208 sions are contemplated.
from applicator housing 1202 and activating drive assem- [0140] A brief description of the operation of applicator
bly 1210. 20 1200 follows with respect to FIGs. 14A-14E, which illus-
[0136] FIG. 13C illustrates a magnified view of second trate several cross-sectional views of the applicator of
tang 1222 of a spring coupled to needle carrier assembly FIG. 12 during operation, according to some embodi-
1208, for example, via a hook 1348 configured to immo- ments.
bilize second tang 1222 to needle carrier assembly 1208. [0141] FIG. 14A illustrates a state of applicator 1200
The fastening concept described for second tang 1222 25 at activation. Activation element 1204 is illustrated in an
in FIG. 13C may also be utilized for first tang 1220. activated position, having been pushed longitudinally in
[0137] FIG. 13D illustrates on-skin sensor assembly the distal direction by a user, forexample. In the activated
160 including a plurality of attachment points 662a-662¢c position, activation element 1204 deflects retention ele-
configured to mate with respective retention elements ment 1332 such that retention element 1334 of applicator
1372a-1372c on needle carrier assembly 1208 and/or 30 housing 1202 does not prevent needle carrier assembly
holder 1224 while traveling in the distal direction at least 1208 from moving when spring 1212 unwinds from a pre-
partially toward the distal insertion position during appli- wound state. Since FIG. 14A illustrates applicator 1200
cator activation. In some embodiments, where holder just at activation, spring 1212, needle carrier assembly
1224 comprises a stripper plate, holder 1224 may func- 1208, holder 1224 and on-skin sensor assembly 160 are
tion similarly to a stripper plate in punch and die manu- 35 shown in their pre-activation orientations and locations.
facturing or injection molding processes. Although a plu- However, spring 1212 will unwind partially and needle
rality of attachment points 662a-662c are illustrated, any carrier assembly 1208, holder 1224 and on-skin sensor
number of attachment points are contemplated. In some assembly 160 will be driven, by such unwinding, in the
embodiments, retention elements 1372a-1372c may distal direction to the distal insertion position.
comprise snap fits, friction fits, interference features, 40 [0142] FIG. 14B illustrates a state of applicator 1200
elastomeric grips and/or adhesives. during activation. Activation element 1204 is illustrated
[0138] Retentionelements 1372a-1372cof needle car- in the activated position of FIG. 14A. Spring 1212 has
rier assembly 1208 and/or holder 1224 are configured to partially unwound such that first tang 1220 unwinds in a
releasably couple on-skin sensor assembly 160 to holder first arc-direction and second tang 1222 unwinds in a
1228 as needle carrierassembly 1208 travels inthe distal 456 second arc-direction opposite of the first arc-direction.
direction to the distal insertion position, and to decouple Spring 1212 travels through an arc-direction approxi-
on-skin sensor assembly 160 from needle carrier assem- mately perpendicular to the distal direction and the prox-
bly 1208 and/or holder 1228 as needle carrier assembly imal direction, or in an arc defined by the tangs of spring
1208 travels in the proximal direction from the distal in- 1212 and their associated rotation points. As a result,
sertion position towards the proximal retraction position. 50 needle carrier assembly 1208, insertion element 1374,
Specifically, since retention elements 1342, 1344 immo- holder 1224 and on-skin sensor assembly 160 are driven
bilize holder 1224 from traveling in the proximal direction in the distal direction toward the distal insertion position
atthe distal insertion position, as needle carrierassembly by a force generated by spring 1212.
1208 travels back in the proximal direction. This causes [0143] FIG. 14C illustrates applicator 1200 during ac-
needle carrier assembly 1208 to separate from holder 55 tivation, in a distal insertion position. Activation element
1224 and on-skin sensor assembly 160, thereby decou- 1204 is illustrated in the activated position of FIGs. 14A
pling retention elements 1372a-1372c from attachment and 14B. Spring 1212 has unwound further, relative to
points 662a-662c of on-skin sensor assembly 160. Al- its position as illustrated in FIGs. 14A and 14B, substan-
24
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tially in the direction of the horizontal arrow. Insertion
assembly 1208, holder 1224 and on-skin sensor assem-
bly 160 are driven in the distal direction to the distal in-
sertion position by the force generated by spring 1212.
In this distal insertion position, at least a portion of an
insertion element coupled to needle carrier assembly
1208 similarly to that shown in FIG. 6 (not shown in FIGs.
14A-14E) as well as at least a portion of sensor 138 of
on-skin sensor assembly 160 (e.g., FIG. 1) may be in-
serted into skin 130 of the host. At this position, although
not shown, retention elements 1342, 1344 (see FIG. 13)
may be engaged with one another.

[0144] FIG. 14D illustrates applicator 1200 during ac-
tivation. Activation element 1204 is illustrated in the ac-
tivated position of FIGs. 14A-14C. Spring 1212 has fur-
ther unwound and travelled in substantially the same di-
rection as shown by the arrow. Where unwinding of spring
1212in FIGs. 14A-14C caused movement of the needle
carrier assembly 1208 in the distal direction, because
spring 1212 is now on an opposite side of the points at
which the first tang 1220 and the second tang 1222 are
anchored, further unwinding of spring 1212 results in
movement of the needle carrier assembly 1208 in the
proximal direction toward the proximal retraction posi-
tion. Since the retention elements (see FIG. 13) are en-
gaged, holder 1224 and on-skin sensor assembly 160
are shown as separated from needle carrier assembly
1208. In the position shown by FIG. 14D, on-skin sensor
assembly 160 may also be decoupled from holder 1224,
as previously described in connection with call-out 1330
of FIG. 13.

[0145] FIG. 14E illustrates applicator 1200 post-acti-
vation. Activation element 1204 is illustrated in the acti-
vated position of FIGs. 14A-14D. Spring 1212 is illustrat-
ed as having unwound further compared to its position
as illustrated in FIG. 14D and having travelled substan-
tially in the direction indicated by the arrow. Insertion as-
sembly 1208 has travelled in the proximal direction indi-
cated by the vertical arrow to the proximal retraction po-
sition. Holder 1224 and on-skin sensor assembly 160 are
shown as separated from needle carrier assembly 1208.
[0146] FIGs. 15-17 illustrate perspective views of sev-
eral exemplary double torsional springs that support dif-
ferent configurations of applicator 1200, according to
some embodiments. Accordingly, any of the springs de-
scribed by FIGs. 15-17 may be utilized for spring 1212
previously discussed in connection with FIGs. 12-14E.
As shown in FIGs. 15-17, different shaped and/or sized
cross-bridges 1522c, 1622c, 1722c of springs 1512,
1612, 1712 may be provided by flaring one or more tangs
in a particular direction.

[0147] For example, FIGs. 15-17 illustrate double tor-
sional springs 1512, 1612, 1712, each comprising a first
winding 1512a, 1612a, 1712a and a second winding
1512b, 1612b, 1712b. Double torsional springs 1512,
1612, 1712 may be formed from a single segment of suit-
able material, e.g., metal or plastic. First windings 1512a,
1612a, 1712a each comprise a first tang 1520a, 1620a,
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1720a and a second tang 1522a, 1622a, 1722a. Second

windings 1512b, 1612b, 1712b each comprise a first tang

1520b, 1620b, 1720b and a second tang 1522b, 1622b,
1722b. For each spring 1512, 1612, 1712, second tangs
1522a, 1522b; 1622a, 1622b; 1722a, 1722b may be cou-
pled to one another by a cross-bridge 1522c, 1622c,
1722c. Cross-bridge 1522c of FIG. 15 may have a length

substantially equal to a spacing 1530 between first wind-

ing 1512a and second winding 1512b defined by the ex-

tension of second tangs 1522a, 1522b from first winding

1512a and second winding 1512b, respectively. Cross-
bridge 1622c of FIG. 16 may have a length exceeding a

spacing 1630 between first winding 1612a and second
winding 1612b defined by the extension of second tangs

1622a, 1622b from first winding 1612a and second wind-
ing 1612b, respectively, due to second tang 1622b of

second winding 1612b being flared toward first tang

1620b of second winding 1612b. Cross-bridge 1722¢ of
FIG. 17 may have a length exceeding a spacing 1730
between first winding 1712a and second winding 1712b

defined by the extension of second tangs 1722a, 1722b
from first winding 1712a and second winding 1712b, re-
spectively, due to second tang 1722a of first winding

1712abeing flared toward first tang 1720a of first winding
1712a and second tang 1722b of second winding 1712b
being flared toward first tang 1720b of second winding
1712b to provide the increased length of cross-bridge
1722c compared to either cross-bridge 1522¢ shown in
FIG. 15 or cross-bridge 1622c shown in of FIG. 16.

[0148] FIGs. 18-23 illustrate alternative drive assem-
blies for utilization in applicators, such as applicator 1200

of FIG. 12, according to some embodiments. FIG. 18

illustrates a drive assembly comprising a linkage element
1850. In some embodiments, linkage element 1850 may

comprise a flex linkage. The flex linkage may contain one
or more living hinge(s). In other embodiments, linkage
element 1850 may comprise at least two discrete sec-
tions configured to pivot about a hinge coupling the at

least two discrete sections.
[0149] Aflexlinkageis atype of hinge assembly formed

from an extension of a parent material (e.g., polypropyl-
ene plastic). The hinge flex linkage is a thin section of
the parent material that acts as a bending connection
with two larger sections of the parent material. Typically,

the larger sections of the parent material as well as the
hinge will be made of one continuous piece of the parent
material. Since it is relatively thin and typically made from

flexible materials, the flex linkage is also able to rotate

about one axis by 180 degrees or more - potentially for
many thousands or even millions of cycles. Contrary to
most hinges, which involve multiple parts assembled in
a traditional pivoting mechanism, flex linkages are not a
separate entity. They may be described as a purposeful

fault line at a predetermined point in the material which

is designed such that it does not fail after repeated bend-
ing.

[0150] Linkage element 1850 has afirstend 1852 cou-
pled to an applicator housing 1802, a second end 1854
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coupled to a needle carrier assembly 1808, and a hinge
1856 disposed between first end 1852 and second end
1854.

[0151] The drive assembly further comprises a spring
1812, which in some embodiments may be a single or
double torsion spring. Spring 1812 comprises a first tang
1820 coupled to applicator housing 1802 and/or to link-
age element 1850 at first end 1852 or at a position be-
tween firstend 1852 and hinge 1856. Spring 1812 further

EP 3 928 688 B1
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ments may be a single or double torsion spring. Spring
2012 comprises a first tang 2020 coupled to linkage el-
ement 2050 between first end 2052 and hinge 2056.
Spring 2012 further comprises a second tang 2022 cou-
pled to applicator body 2002. Upon activation, spring
2012 unwinds and first tang 2052 sweeps an arc while
second tang 2054 is held substantially stationary against
applicator body 2002. As first tang 2052 sweeps its arc,
first tang 2052 drives linkage element 2050 from the bent

comprises a second tang 1822 coupled to needle carrier 70 position shown, hinge 2056 pivoting, until linkage ele-
assembly 1808 and/orto linkage element 1850 at second ment 2050 is substantially vertical, and then continuing
end 1854 or at a position between second end 1854 and pivoting until linkage element 2050 is in a substantially
hinge 1856. In some embodiments, hinge 1856 may be mirror orientation from that shown in FIG. 20. This motion
aligned with an axis of rotation 1818 of spring 1812 to drives needle carrier assembly 2008 in the distal direc-
provide smooth operation as well as toreduce any stress- 75 tion, reaching the distal insertion position when linkage
es caused by incompatible movement between linkage element 2050 is substantially vertical, and then increas-
element 1850 and spring 1812. ingly in the proximal direction as linkage element 2050
[0152] Applicator 1200, utilizing drive assembly 1810, is further driven from the substantially vertical orientation
may function substantially as described for applicator to the substantially mirrored orientation to that shown in
1200 of FIG. 12, however, further including that firstend 20  FIG. 20.

1852, second end 1854 and hinge 1856 of linkage ele- [0155] FIG. 21 illustrates another drive assembly com-
ment 150 move substantially in alignment with first tang prising a linkage element 2150. Linkage element 2150
1820, second tang 1822 and axis of rotation 1818 of has a first end 2152 coupled to an applicator housing
spring 1812, respectively, during activation. 2102, a second end 2154 coupled to a needle carrier
[0153] FIG. 19illustrates another drive assembly com- 25 assembly 2108, and a hinge 2156 disposed between first
prising a linkage element 1950. Linkage element 1950 end 2152 and second end 2154. The drive assembly fur-
has a first end 1952 coupled to an applicator housing ther comprises a spring 2112, which in some embodi-
1902, a second end 1954 coupled to a needle carrier ments may be an extension spring. A compression spring
assembly 1908, and a hinge 1956 disposed between first is also contemplated. However, a compression spring
end 1952 and second end 1954. The drive assembly fur- 30 may be coupled between hinge 2156 and the closer side
ther comprises a spring 1912, which in some embodi- of applicator housing 2102. Spring 2112 comprises a first
ments may be a single or double torsion spring. Spring end 2120 coupled to linkage element 2150 and a second
1912 comprises a first tang 1920 coupled to linkage el- end 2122 coupled to applicator body 2102. In some em-
ement 1950 between second end 1954 and hinge 1956. bodiments, first end 2120 is coupled to linkage element
Spring 1912 further comprises a second tang 1922 cou- 35 2150 between first end 2152 and hinge 2156. In other
pled to needle carrier assembly 1908. Upon activation, embodimentsfirstend 2120 is coupled to linkage element
spring 1912 unwinds and first tang 1952 sweeps an arc 2150 at hinge 2156. In yet other embodiments first end
while second tang 1954 is held substantially stationary 2120 is coupled to linkage element 2150 between hinge
against needle carrier assembly 1908. As first tang 1952 2156 and second end 2154. Upon activation, spring 2112
sweeps its arc, first tang 1952 drives linkage element 40 unwinds through an arc that extends in a direction ap-
1950 from the bent position shown, hinge 1956 pivoting, proximately perpendicular to the distal direction and the
until linkage element 1950 is substantially vertical, and proximal direction, or in an arc defined by the tangs of
then continuing pivoting until linkage element 1950 is in the spring and their respective rotation points, driving
a substantially mirror orientation from that shown in FIG. linkage element 2150 from the bent position shown,
19. This motion drives needle carrier assembly 1908 in 45 hinge 2156 pivoting, until linkage element 2150 is sub-
the distal direction, reaching the distal insertion position stantially vertical, and then continuing pivoting until link-
when linkage element 1950 is substantially vertical, and age element 2150 is in a substantially mirror orientation
then increasingly in the proximal direction as linkage el- from that shown in FIG. 21. This motion drives needle
ement 1950 is further driven from the substantially verti- carrier assembly 2108 in the distal direction, reaching
cal orientation to the substantially mirrored orientationto 50 the distal insertion position when linkage element 2150
that shown in FIG. 19. is substantially vertical, and then increasingly in the prox-
[0154] FIG. 20 illustrates another drive assembly com- imal direction as linkage element 2150 is further driven
prising a linkage element 2050. Linkage element 2050 from the substantially vertical orientation to the substan-
has a first end 2052 coupled to an applicator housing tially mirrored orientation to that shown in FIG. 21.
2002, a second end 2054 coupled to a needle carrier 55 [0156] FIG. 22 illustrates another drive assembly com-
assembly 2008, and a hinge 2056 disposed between first prising a leaf spring 2212. Leaf spring 2212 comprises a
end 2052 and second end 2054. The drive assembly fur- firstend 2220 coupled to an applicator housing 2202 and
ther comprises a spring 2012, which in some embodi- asecond end 2222 coupled to a needle carrier assembly
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2208. Upon activation, leaf spring 2212 unloads in a di-
rection substantially parallel to the axis of insertion, driv-
ing needle carrier assembly 2208 to the distal insertion
position when leaf spring 2212 is unloaded.

EP 3 928 688 B1 50

needle carrier assembly 1208 and on-skin sensor as-
sembly 160 to holder 1224. FIG. 24J illustrates a side
view of on-skin sensor assembly 160, holder 1224, and
needle carrier assembly 1208 assembled, while FIG. 24K

[0157] FIG. 23 illustrates another drive assembly com- & illustrates a perspective view of the arrangement shown
prising a linkage element 2350. Drive assembly 2310 is in FIG. 24J.
substantially the same as drive assembly 1910 except [0162] FIG. 24L illustrates assembling the complex in-
replacing torsion spring 1912 with leaf spring 2312. Link- cluding on-skin sensor assembly 160, holder 1224, nee-
age element 2350 has a first end 2352 coupled to an dle carrier assembly 1208, and spring 1212 into applica-
applicator housing 2302, a second end 2354 coupledto 70 tor housing 1202 through the opening in the bottom of
a needle carrier assembly 2308, and a hinge 2356 dis- applicator housing 1202, and insertion of activation ele-
posed between first end 2352 and second end 2354. The ment 1204 into applicator housing 1202. FIG. 24M illus-
rive assembly further comprises leaf spring 2312 having trates the result of the assembly shown in FIG. 24L.
afirstend 2320 coupled to linkage element 2350 between [0163] FIG.25illustrates an exploded perspective view
second end 2354 and hinge 2356, and a second end 75 of yetanother applicator 2500 for on-skin sensor assem-
2322 coupled to needle carrier assembly 2308. Upon ac- bly 160 of an analyte sensor system, according to some
tivation, spring 2312 unloads and first end 2320 sweeps embodiments. Applicator 2500 may include an applicator
an arc while second end 2322 is held substantially sta- housing 2502 configured to house one or more mecha-
tionary against needle carrier assembly 2308. As first nisms for applying on-skin sensor assembly 160 to skin
end 2320 sweeps its arc, first end 2320 drives linkage 20 130 of a host. Applicator housing 2502 may be formed
element 2350 from the bent position shown, hinge 2356 of any suitable material, e.g., a polymer, polycarbonate,
pivoting, until linkage element 2350 is substantially ver- ABS, nylon, polyethylene, polypropylene, etc.
tical, and then continuing pivoting until linkage element [0164] Applicator 2500 includes an activation element
2350 is in a substantially mirror orientation from that 2504 configured to activate a drive assembly of applicator
shown in FIG. 23. This motion drives needle carrier as- 25 2500. In some embodiments, activation element 2504
sembly 2308 in the distal direction, reaching the distal may be a button, a switch, a toggle, a slide, a trigger, a
insertion position when linkage element 2350 is substan- knob, a rotating member, a component that deforms
tially vertical, and then increasingly in the proximal direc- and/or flexes or any other suitable mechanism for acti-
tion as linkage element 2350 is further driven from the vating a drive assembly of applicator 2500.Applicator
substantially vertical orientation to the substantially mir- 30 2500 may further comprise a needle carrier assembly
rored orientation to that shown in FIG. 23. 2508, including an insertion element 2574 configured to
[0158] An example of steps for assembling an appli- insert sensor 138 (e.g., FIG. 1) of on-skin sensor assem-
cator such as applicator 1200 of FIG. 12 will now be dis- bly 160 (e.g., FIG. 1) into skin 130 (e.g., FIG. 1) of the
cussed in connection with FIGS. 24A-24M. To the extent host. In some embodiments, insertion element 2574
any step is compatible, the assembly steps of FIGS.24A- 35 comprises a needle, for example, an open sided-needle,
24M may also apply to any applicator utilizing the drive aneedle with a deflected-tip, a curved needle, a polymer-
assemblies described in connection with FIGS. 18-23. coated needle, a hypodermic needle, or any other suit-
[0159] FIG. 24A illustrates coupling first portion 1250a able type of needle or structure, as will be described in
and second portion 1250b of spring spool 1250 together more detail in connection with at least FIGS. 47-50 and
inside the windings of spring 1212. FIG. 24B illustrates 40 80A-B. In yet other embodiments, insertion element may
the assembled spring spool 1250 and spring 1212. comprise sensor 138, sufficiently rigid to be inserted par-
Spring spool 1250 and spring 1212 are disposed coaxi- tially into skin 130 of the host with minimal or no structural
ally with one another. FIG. 24C illustrates spring 1212 support.
before winding in the direction indicated by the circular [0165] Applicator 2500 may further comprise a drive
arrow, having first tang 1220 and second tang 1222 in 46 assembly 2510 configured to drive insertion element
the illustrated positions. FIG. 24D illustrates spring 1212 2574 of needle carrier assembly 2508 in a distal direction
after winding, having first tang 1220 and second tang to a distal insertion position and in a proximal direction
1222 in the illustrated positions. from the distal insertion position to a proximal retraction
[0160] FIG. 24E llustrates couplingwound spring 1212 position.
to needle carrier assembly 1208. In some embodiments, 50 [0166] Applicator 2500 may further include a holder
this includes coupling first tang 1220 to a hook 1348 of 2524 releasably coupled to needle carrierassembly 2508
needle carrier assembly 1208 and coupling second tang and configured to guide on-skin sensor assembly 160
1222 to or disposing second tang 1222 against needle while coupled to needle carrier assembly 2508. As will
carrier assembly 1208. FIG. 24F illustrates a side view be described in more detail below, on-skin sensor as-
of wound spring 1212 coupled to needle carrierassembly 55 sembly 160 may be stripped from holder 2524 and needle
1208, while FIG. 24G illustrates a perspective view of the carrier assembly 2508 once on-skin sensor assembly
arrangement shown in FIG. 24F. 160 is disposed on skin 130 of the host.
[0161] FIG. 24H illustrates coupling holder 1224 to [0167] Drive assembly 2510 may include a spring
27
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2512, which may be any suitable type of spring, e.g., a
compression spring, extension spring, leaf spring, flex
arm spring, etc. Spring 2512 may have a first end 2520
coupled to applicator housing 2502 and a second end

as a switch, a toggle, a slide, a trigger, a knob, a rotating
member, a component that deforms and/or flexes or any
other suitable mechanism for activating a drive assembly
of applicator 2500. Moreover, although activation ele-

coupled to needle carrier assembly 2508. Spring 2520 5 ment 2504 is illustrated as being disposed on a side of
may be configured to, upon activation of drive assembly applicator housing 2502, the present disclosure contem-
2510, drive needle carrier assembly 2508 in the distal plates any other location, e.g., on a top, bottom, or other
direction. In some embodiments, spring 2512 may be side location of applicator housing 2502, and/or any other
pre-loaded, e.g., at the factory. In some other embodi- angle of disposition with respect to applicator housing
ments, spring 2512 may be loaded by an action of the 70 2502.

user of applicator 2500. [0171] FIG. 26C illustrates an exploded perspective
[0168] Drive assembly 2510 further includes a spring view of needle carrier assembly 2508, insertion element
2528 that may be coupled to an applicator base 2530 of 2674, and holder2524. Insertion element 2674 is coupled
applicator 2500. In some embodiments, spring 2528 may to needle carrier assembly 2508. In some embodiments,
be a compression spring, extension spring, leaf spring, 75 insertion element 2674 comprises an open-sided needle
flex arm spring, etc. In some embodiments, spring 2528 configured to guide and insert sensor 138 of on-skin sen-
may be pre-loaded, e.g., at the factory. In some other sor assembly 160 (e.g., FIG. 1) into skin 130 of the host.
embodiments, spring 2528 may be loaded by an action Insertion assembly 2508 is coupled at a first end to axle
of the user. In yet other embodiments, spring 2528 may 2614 of holder 2524. Insertion assembly 2508 further
be loaded by unloading of spring 2512. Spring 2528 may 20 comprises a retention element2622 configured toreleas-
comprise one or more portions configured to drive needle ably couple a second end of needle carrier assembly
carrier assembly 2508 in the proximal direction from the 2508 to holder 2524. Insertion assembly 2508 further
distal insertion position, as will be described in more detail comprises a retention element 2604 configured toreleas-
below. ably couple on-skin sensor assembly 160 to needle car-
[0169] FIG. 26A-26D illustrate several cutaway views 25 rier assembly 2508 and holder 2524. In some embodi-
and a bottom view of several features of applicator 2500 ments, retention element 2604 may comprise a snap fit,
of FIG. 25, according to some embodiments. FIG. 26A friction fit, interference feature, elastomeric grip and/or
illustrates a perspective cutaway view of applicator 2500 adhesive configured to couple on-skin sensor assembly
including applicator housing 2502, activation element 160 with needle carrier assembly 2508 and/or holder
2504, applicator base 2530 including protrusion 2602, 30 2524. Spring 2512 is configured to, upon activation of
spring 2512, leaf spring(s) 2528, needle carrier assembly applicator 2500, drive needle carrier assembly 2508 and
2508, holder 2524, and on-skin sensor assembly 160. holder 2524 in the distal direction along a circular arc
Each of these components may have functionality as pre- defined by axle 2614 to the distal insertion position.
viously described in connection with at least FIG. 25. Spring 2512 transfers at least a portion of its stored en-
[0170] FIG. 26B illustrates a perspective view of sev- 35 ergy to leaf spring(s) 2528 as needle carrier assembly
eral features of holder 2524, applicator base 2530 and 2508 is driven in the distal direction along the circular
activation element 2504. Spring 2512 is configured to be arc. In some other embodiments, leaf spring(s) 2528 may
coupled to applicator housing 2502 at a first end and to be pre-loaded such that spring 2512 does not transfer
holder 2524 at a second end. In a pre-activation state, stored energy to leaf spring(s) 2528. As needle carrier
spring 2512 may be configured to store energy fordriving 40 assembly 2508 is driven in the distal direction, a protru-
holder 2512 (and needle carrier assembly 2508) in the sion 2602 of applicator base 2530 is configured to deflect
distal direction to the distal insertion position upon acti- retention element 2622 sufficiently to separate needle
vation. Holder 2524 comprises an axle 2614 configured carrier assembly 2508 from holder 2524 substantially at
to snap into applicator base 2530 such that holder 2524 the distal insertion position, thereby uncoupling the sec-
is configured to pivot in a substantially circular arc about 45 ond end of needle carrier assembly 2508 from holder
axle 2614. In FIG. 26B, activation element 2504 is illus- 2524. Accordingly, from the distal insertion position, leaf
trated as comprising a protrusion 2612 configured to spring(s) 2528, now loaded, are configured to drive nee-
guide holder 2524 in the pre-activation position shown dle carrier assembly 2508 in the proximal direction from
until activation element 2504 is activated, thereby dis- the distal insertion position, along the circular arc, to the
placing protrusion 2612 from its pre-activation orientation 50 proximal retraction position.

relative to holder 2524 and releasing holder 2524. FIG. [0172] FIG. 26D illustrates a portion 2632 of activation
26B further illustrates that leaf spring(s) 2528 are not element 2504 coupled to applicator housing 2502 and
coupled to holder 2524. Instead, leaf spring(s) 2528 are configured to act as a return spring, returning activation
coupled to needle carrier assembly 2508 and are config- element 2504 to its pre-activation position after activa-
ured to drive needle carrier assembly 2508 in the proxi- 55 tion. For example, as activation element 2504 is pressed
mal direction from the distal insertion position. Although to the right as shown in FIG. 26D, portion 2632 is de-
activation element 2504 is shown as a button, the present formed against applicator housing 2502, thereby func-
disclosure further contemplates activation element 2504 tioning substantially as a spring, which when unloaded,
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returns activation element 2504 to its pre-activation po-
sition.

[0173] FIGs. 27A-27E illustrate several cross-section-
al views of applicator 2500 of FIG. 25 during operation,

without a straight proximal portion), as described in more
detail in connection with at least FIGs. 47-50 and 80A-B.
[0178] FIG. 27C illustrates applicator 2500 in the distal
insertion position. Spring 2512 has driven holder 2524,

according to some embodiments. FIG. 86 illustrates re- 5 and soreleasably coupled needle carrierassembly 2508,
lationships between axle 2614, insertion element 2674, insertion element 2674, and on-skin sensor assembly
and a circular arc 8602 travelled by insertion element 160, in the distal direction to the distal insertion position.
2674 during insertion and retraction, according to some In addition, protrusion 2602 of applicator base 2530 has
embodiments. FIG. 27A illustrates applicator 2500 at the deflected retention arm 2622 sufficiently to release the
time of activation. For example, activation element 2504 70 second end of needle carrier assembly 2508 from holder
is illustrated in an activated position, e.g., pushed inward- 2524 in preparation for movement in the proximal direc-
ly, which releases holder 2524 from its immobilized, pre- tion from the distal insertion position.
activation state. Spring 2512, needle carrier assembly [0179] FIG. 27D illustrates applicator 2500 during re-
2508, insertion element 2674, holder 2524, and on-skin traction. Spring 2512 remains unloaded, pinning holder
sensorassembly 160 are all shown in their pre-activation 756 2524 in the distal insertion position. However, leaf
positions. spring(s) 2528, still in contact with now-released needle
[0174] FIG. 27B illustrates applicator 2500 during ac- carrier assembly 2508, drive needle carrier assembly
tivation. Spring 2512 is driving holder 2524, and so re- 2508 and coupled insertion element 2674 in the proximal
leasably coupled needle carrierassembly 2508, insertion direction from the distal insertion position to the proximal
element 2674, and on-skin sensor assembly 160, in the 20 retraction position. Retention element(s) 2604 are re-
distal direction along the circular arc 8602 (see FIG. 86) leased from on-skin sensor assembly 160 by virtue of
defined by axle 2614. In some embodiments, a radius spring 2512 pinning holder 2524, and so on-skin sensor
8604 (see FIG. 86) of the circular arc 8602 may be be- assembly 160 disposed thereunder, in the distal insertion
tween 20 millimeters (mm) and 80mm, inclusive, al- position. In some embodiments, retention element(s)
though radiuses larger or smallerthan thisrange are also 26 2604 may comprise snap fits, friction fits, interference
contemplated. features, elastomeric grips and/or adhesives.
[0175] With respect to FIG. 86, the radius 8604 of this [0180] FIG. 27E illustrates applicator 2500 in the prox-
circular arc 8602 may depend on one or more of a dis- imal retraction position. Leaf spring(s) 2528 have driven
tance 8606 from the skin 130 of the host to axle 2614, a needle carrier assembly 2508 and insertion element
height 8608 of the on-skin sensor assembly 160 froma 30 2674 in the proximal direction to the proximal retraction
bottom opening or surface of applicator 2500 or from axle position. Applicator 2500 may then be released from the
2614, and/or alocation of sensor 138 within on-skin sen- skin of the host, whereby all portions of the applicator
sor assembly 160. Selection of a radius 8604 may be 2500 will be removed from the skin of the host except
made at least in part to minimize tissue trauma, optimize the on-skin sensor assembly 160 and the sensor 138
deployment of sensor 138, and to minimize insertion 35 (e.g., FIG. 1) which is now at least partially inserted into
and/or retraction friction between the insertion member the skin of the host.
and the tissue of the host. [0181] FIGs. 28A-28H illustrate steps to assemble ap-
[0176] Forexample, with respectto FIGs. 27A and 86, plicator 2500 of FIG. 25, according to some embodi-
an angle 2710 between a needle axis and a bottom plane ments. FIG. 28A illustrates coupling insertion element
of on-skin sensor assembly may be calculated such that 40 2674 to needle carrier assembly 2508. In some embod-
aminimum offset is achieved between the straight needle iments, insertion element 2674 may be coupled to needle
path and the ideal curved profile 8602. In some embod- carrier assembly 2508 at an angle that substantially co-
iments, it has been determined that an approximately 71 incides with the circular path insertion element 2674 and
degree angle between the needle axis and the bottom needle carrier assembly 2508 traverse during activation.
plane of on-skin sensor assembly produces less lateral 45 FIG. 28B illustrates coupling holder 2524 to needle car-
motion of the tip of the insertion element 2674 within the rier assembly 2508 by coupling needle carrier assembly
skin of the host compared to an approximately 90 degree 2508 to axle 2614 of holder 2524 and retention element
angle between the needle axis and the bottom plane of 2622 to holder 2524. FIG. 28C illustrates coupling on-
on-skin sensor assembly. However, this angle may de- skin sensor assembly 160 to holder 2524 and needle
pend on at least some of the same factors affecting an 50 carrier assembly 2508 by engaging retention element(s)
ideal radius of the circular arc. 2604 of needle carrier assembly 25089 with on-skin sen-
[0177] Moreover, various needle geometries may be sor assembly 160.
utilized, including, but not limited to, straight needle ge- [0182] FIG. 28D illustrates inserting activation element
ometries, kinked needle geometries (e.g., two or more 2504 into applicator housing 2502. FIG. 28E illustrates
substantially straight portions with one or more bends 55 coupling afirstend of spring 2512 with applicator housing
disposed therebetween), and fully or partially curved nee- 2502 through an openingin the bottom of applicatorhous-
dle geometries (e.g., a curved distal portion configured ing 2502. FIG. 28F illustrates inserting the assembly
to at least partially pierce the skin of the host with or 2800c resulting from the step(s) illustrated by FIG. 28C
29
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into applicator housing 2502. In assembly 2800c, shown
in FIG. 28F, spring 2512 is placed in contact with holder
2524 and holder 2524 is secured by protrusion 2612 of
activation element 2504.

sembly 2908 and configured to rotate with respect to nee-
dle carrier assembly 2908 about an axis of rotation 2918
parallel with a centerline of needle carrier assembly 2908.
In some embodiments, rotating drive element 2914 is

[0183] FIG. 28G illustrates coupling applicator base 5 configured to rotate in a plane substantially perpendicular
2530 to applicator housing 2502. Axle 2614 of holder to the proximal direction and the distal direction. In some
2524 is coupledto applicator base 2530 and leaf spring(s) embodiments, rotating drive element2914 may comprise
2528 are placed in contact with needle carrier assembly a barrel cam. Rotating drive element 2914 comprises a
2508. FIG. 28H illustrates applicator 2500 in assembled ridge 2916 that defines a variable cam path around at
form. At this step, applicator base 2530 may be coupled 70 least a portion of a circumference of the rotating drive
to applicator housing 2502, for example, via sonic weld- element. Ridge 2916 is configured to slide along a chan-
ing, press-fit, snap-fit, adhesive, or any other suitable nel (see FIG. 30) on an inside surface of needle carrier
method of securing plastic materials together. assembly 2908 as rotating drive element 2914 rotates,
[0184] FIG.29illustrates an exploded perspective view thereby driving needle carrier assembly 2908 in the distal
of yet another applicator 2900 for applying an on-skin 75 direction to the distal insertion position and then in the
sensor assembly to skin 130 of a host, according to some proximal direction to the proximal retraction position as
embodiments. Applicator 2900 may include an applicator defined by the variable cam path of ridge 2916.
housing 2902 having an opening at its bottom and con- [0188] Drive assembly 2910 may further include a
figured to house atleast one or more mechanisms utilized spring 2912 disposed within rotating drive element 2914.
to apply on-skin sensor assembly 160 to skin 130 of a 20 Spring 2912 may be a torsion spring, or any suitable type
host. of spring. Spring 2912 may have a firstend 2920 coupled
[0185] Applicator 2900 includes an activation element to applicator housing 2902 and a second end 2922 cou-
2904 configured to activate a drive assembly of applicator pled to rotating drive element 2914. Spring 2912 may be
2900. In some embodiments, activation element 2904 disposed coaxially with rotating drive element 2914 and
may be a button, a switch, a toggle, a slide, a trigger, a 25 needle carrier assembly 2908. Spring 2920 may be con-
knob, a rotating member, a component that deforms figured to, upon activation of drive assembly 2910, rotate
and/or flexes or any other suitable mechanism for acti- rotating drive element 2914 in a single direction with re-
vating a drive assembly of applicator 2900. Applicator spect to needle carrier assembly 2908.
2900 may further comprise a needle carrier assembly [0189] By virtue of rotating drive element 2914 being
2908, including an insertion element (see FIG. 30) con- 30 configured to rotate with respect to needle carrier assem-
figured to insert sensor 138 of on-skin sensor assembly bly 2908, about axis of rotation 2918, and ridge 2916
160 (e.g., FIG. 1) into skin 130 of the host. In some em- being restrained to travel in the channel of needle carrier
bodiments, the insertion element comprises a needle, for assembly 2908, rotational motion of rotating drive ele-
example, an open sided-needle, a needle with a deflect- ment 2914, caused by spring 2912, is converted into lin-
ed-tip, a curved needle, a polymer-coated needle, a hy- 35 ear, reciprocating motion of needle carrier assembly
podermic needle, or any other suitable type of needle or 2908 and, therefore, insertion element (see FIG. 30).
structure, as will be described in more detail in connection More specifically, rotation of rotating drive element 2914
with at least FIGs. 47-50 and 80A-B. In yet other em- drives insertion element 2908 in the distal direction to the
bodiments, insertion element may comprise sensor 138 distal insertion position and in the proximal direction from
itself, sufficiently rigid to be inserted partially into skin 130 40  the distal insertion position to the proximal retraction po-
of the host with minimal or no structural support. sition.
[0186] Applicator 2900 may further comprise a drive [0190] Applicator 2900 may further include a holder
assembly 2910 configured to drive the insertion element 2924 releasably coupled to needle carrier assembly 2908
of needle carrier assembly 2908 in a distal direction to a via retention element(s) 2980 and configured to guide
distal insertion position and in a proximal direction from 45 on-skin sensor assembly 160 while coupled to needle
the distal insertion position to a proximal retraction posi- carrier assembly 2908. In some embodiments, retention
tion. A distal direction may be defined as extending to- element(s) 2980 may comprise snap fits, friction fits, in-
wards an open-ended side of applicator 2900 along a terference features, elastomeric grips and/or adhesives
path needle carrierassembly 2908 is configured to travel. configured to couple on-skin sensor assembly 160 with
The distal direction may also be defined as towards the 50 needle carrier assembly 2908 and/or holder 2924. On-
skin of a user. A proximal direction may be defined as a skin sensor assembly 160 may be stripped from holder
direction extending in a substantially opposite direction 2924 and/or needle carrier assembly 2908 once on-skin
from the distal direction. In some embodiments, the distal sensor assembly 160 is disposed on skin 130 of the host.
direction and the proximal direction extend along an in- [0191] FIG. 30 illustrates a perspective cutaway view
sertion axis of the insertion element and of needle carrier 55 of a portion of applicator 2900 of FIG. 29, according to
assembly 2908. some embodiments. FIG. 30 illustrates at least one pro-
[0187] Drive assembly 2910 may include a rotating trusion 3024 of needle carrier assembly 2908 configured
drive element 2914 disposed within needle carrier as- to slide within tracks (not shown in FIG. 30) on an inside
30
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surface of applicator housing 2902 (similar to tracks
622a-622c in FIG. 6) that define a linear path of travel
for needle carrier assembly 2908. FIG. 30 further illus-
trates channel 3002 in which ridge 2916 of rotating drive

[0195] Driveassembly 3110 may be configured todrive
insertion element 3174 of needle carrier assembly 3108
in a distal direction to a distal insertion position and in a
proximal direction from the distal insertion position to a

element2914 is configured to slide as spring2912rotates 5 proximal retraction position. Drive assembly 3110 may
rotating drive element 2914 with respect to needle carrier include a guide member 3138, a spring 3112, a hub 3132
assembly 2908. FIG. 30 further illustrates insertion ele- and a reverse toggling element 3136. guide member
ment 3074 coupled to needle carrier assembly 2908. 3138 may be coupled to at least one of applicator housing
[0192] In some embodiments, holder 2924 further in- 3102 and base 3130 at a first end and/or a second end,
cludes a retention element 3042 configured to engage 70 respectively. Spring 3112 may be disposed around guide
with a retention element (not shown in FIG. 30) of appli- member 3138 such that guide member 3138 extends
cator housing 2902, similar to stop element 644 of appli- substantially along a centerline of spring 3112. Spring
cator housing 462 of FIG. 6, and immobilize holder 2924 3112 may be any suitable type of spring, e.g., a com-
to applicator housing 2902 upon needle carrier assembly pression spring, and may have afirstend coupled to base
2908 reaching the distal insertion position. Although not 75 3130 and a second end coupled to a hub 3132, which is
shown in FIG. 30, holder 2928 may further comprise a disposed on and configured to travel along guide member
protrusion and applicator housing 2902 may further com- 3138. Spring 3120 may be configured to, upon activation
prise a protrusion configured to prevent holder 2924 from of drive assembly 3110, drive hub 3132 in the proximal
travelling beyond the distal insertion position in the distal direction along guide member 3138, as shown by the
direction, similar to protrusion 652 and protrusion 654 as 20  arrow. Reverse toggling element 3136 may function sub-
previously described in connection with FIG. 6F. stantially as a lever with a fulcrum at or near its midpoint,
[0193] FIG. 31 llustrates a cutaway view of yetanother rotatably coupled to base 3130 or applicator housing
applicator 3100 for an on-skin sensor assembly of an 3102. A first end of reverse toggling element 3136 may
analyte sensor system, according to some embodiments. be in contact with a protrusion 3134 of hub 3132 for at
In some embodiments, applicator 3100 may include an 25 least a first portion of travel of hub 3132 in the proximal
applicator housing 3102 configured to house one or more direction and a second end of reverse toggling element
mechanisms for applying on-skin sensor assembly 160 3136 may be in contact with needle carrier assembly
to skin 130 of a host. Applicator 3100 may further com- 3108. Insertion assembly 3108 may be slideably coupled
prise a base 3130 coupled to applicator housing 3102 to guide member 3138 on the side of hub 3132 opposite
and configured to form a bottom of applicator 3100. 30  spring 3112.

[0194] Applicator 3100 further includes an activation [0196] In operation, upon activation of drive assembly
element (not shown in FIG. 31) configured to activate a 3110, spring 3112 drives hub 3132 along guide member
drive assembly 3110 of applicator 3100. In some embod- 3138 in the proximal direction. For a first portion of travel
iments, the activation element may be a button, a switch, along guide member 3138, protrusion 3134 of hub 3132
a toggle, a slide, a trigger, a knob, a rotating member, a 35 isin contact with the first end of reverse toggling element
component that deforms and/or flexes or any other suit- 3136, causing the second end of reverse toggling ele-
able mechanism for activating a drive assembly of appli- ment 3136 to drive needle carrier assembly 3138, and
cator 3100. In addition, the activation element of appli- so insertion element 3174 and on-skin sensor assembly
cator 3100 may be disposed in any location and orienta- 160, in the distal direction. After the first portion of travel
tion with respect to applicator housing 3102, e.g., atop, 40 along guide member 3138, protrusion 3134 of hub 3132
any portion of a side, or bottom of applicator housing will clear the first end of reverse toggling element 3136
3102 and/or at any angle with respect to the portion of and make contact with the portion of needle carrier as-
applicator housing 2102 in which the activation element sembly 3138 slideably coupled with guide member 3138.
is disposed. Applicator 3100 may further comprise a nee- At this point, needle carrier assembly 3108, insertion el-
dle carrierassembly 3108, including an insertionelement 456 ement 3174 and on-skin sensor assembly 160 are in the
3174 releasably coupled to on-skin sensor assembly 160 distal insertion position. For a second portion of travel
and configured to insert sensor 138 of on-skin sensor along guide member 3138 in the proximal direction, hub
assembly 160 (e.g., FIG. 1) into skin 130 of the host. In 3132, still driven by spring 3112, drives needle carrier
some embodiments, the insertion element comprises a assembly 3108, and so insertion element 3174, in the
needle, forexample, an open sided-needle, aneedle with 50 proximal direction from the distal insertion position to the
a deflected-tip, a curved needle, a polymer-coated nee- proximal retraction position. In this way, drive assembly
dle, a hypodermic needle, deflected-tip or any other suit- 3110 converts linear motion of spring 3112 in a single
able type of needle or structure, as will be described in direction, e.g., the proximal direction, into reciprocating
more detail in connection with at least FIGs. 47-50 and linear motion in the distal direction and then the proximal
80A-B. In yet other embodiments, insertion elementmay 55 direction.

comprise sensor 138 itself, sufficiently rigid to be inserted [0197] FIG. 32A illustrates an exploded perspective
partially into skin 130 of the host with minimal or no struc- view of yet another applicator 3200 for an on-skin sensor
tural support, assembly of an analyte sensor system, according to
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some embodiments. Applicator 3200 may include an ap-
plicator housing 3202 configured to house at least one
or more mechanisms utilized to apply the on-skin sensor
assembly 160 to skin 130 of a host. Applicator 3200 may

and also insertion element 3274, in the proximal direction
from the distal insertion position to the proximal retraction
position. In some embodiments, first spring and/or sec-
ond spring can be preloaded, partially loaded, or unload-

further include a base 3230 coupled to a bottom opening 5 ed.
of applicator housing 3202. Base 3230 defines a bottom [0203] FIG. 32B illustrates an exploded perspective
surface of applicator 3200 and a plane for application of view 3250 of needle carrier assembly 3208 coupled to
on-skin sensor assembly 160 to skin 130 of a host. insertion element 3274, second spring 3228, holder 3224
[0198] Applicator 3200 includes an activation element and on-skin sensor assembly 160.
3204 configured to activate a drive assembly of applicator 70 [0204] FIG. 33A-33E illustrate perspective cutaway
3200. In some embodiments, activation element 3204 views of several features of applicator 3200 of FIGs. 32A-
may be a button, a switch, a toggle, a slide, a trigger, a 32B, according to some embodiments. FIG. 33A illus-
knob, a rotating member, a component that deforms trates a perspective cutaway view of the entire applicator
and/or flexes or any other suitable mechanism for acti- 3200, including applicator housing 3202, activation ele-
vating a drive assembly of applicator 460. 15 ment 3204, first spring 3212, needle carrier assembly
[0199] Applicator 3200 may further comprise a needle 3208 coupled to insertion element 3274, holder 3224
carrier assembly 3208, including an insertion element coupled to on-skin sensor assembly 160, and base 3230.
3274 configured to insert sensor 138 of on-skin sensor Each of these components may have functionality as pre-
assembly 160 into skin 130 of the host (e.g., FIG. 1). In viously described in connection with at least FIGs. 32A-
some embodiments, the insertion element comprises a 20 32B.
needle, forexample, an open sided-needle, a needle with [0205] FIG. 33B illustrates a magnified perspective
a deflected-tip, a curved needle, a polymer-coated nee- cutaway view of a retention element 3312 of holder 3224
dle, a hypodermic needle, or any other suitable type of releasably coupled to application housing 3202. Reten-
needle or structure, as will be described in more detail in tion element 3312 is configured to prevent holder 3224
connection with at least FIGs. 47-50 and 80A-B. In yet 25 from travelingin the distal direction and, therefore, spring
other embodiments, insertion element may comprise 3212 from unloading. Activation mechanism 3204, when
sensor 138, sufficiently rigid to be inserted partially into activated, is configured to deflect retention element 3312
skin 130 of the host with minimal or no structural support. sufficiently to decouple it from applicator housing 3202,
[0200] Applicator 3200 may further include a holder thereby freeing holder 3224 to travel in the distal direc-
3224 releasably coupled to needle carrierassembly 3208 30  tion, driven by spring 3212.
and configured to guide on-skin sensor assembly 160 [0206] FIG. 33C illustrates a magnified perspective
while coupled to needle carrier assembly 3208. As will cutaway view of a retention element 3342 of needle car-
be described in more detail below, on-skin sensor as- rier assembly 3208 configured to releasably couple nee-
sembly 160 may be stripped from holder 3224 and needle dle carrier assembly 3208 to holder 3224. As shown, re-
carrier assembly 3208 once on-skin sensor assembly 35 tention element 3342 may have a sloped surface config-
160 is disposed on skin 130 of the host. ured to come in contact with a protrusion (not shown in
[0201] Applicator 3200 may further comprise a drive FIG. 33) of the applicator housing 3202 or base 3230
assembly configured to drive insertion element 3274 and (not shown in FIG. 33) that is configured to deflect reten-
needle carrier assembly 3208 in the distal direction to tion element 3342 sufficiently to decouple needle carrier
the distal insertion position and in the proximal direction 40 assembly 3208 from holder 3224 when needle carrier
from the distal insertion position to the proximal retraction assembly 3208 is at or near the distal insertion position.
position. Drive assembly 3210 may include a first spring [0207] FIG. 33D illustrates a perspective view of a plu-
3212 and a second spring 3228. First spring 3212 may rality of retention elements 3372a, 3372b of needle car-
be a compression spring, or any suitable type of spring, rier assembly 3208 configured to pass through holder
and may have a first end coupled to applicator housing 45 3224 and releasably couple on-skin sensor assembly
3202 and a second end coupled to holder 3224. First 160 to holder 3224 and to needle carrier assembly 3208.
spring 3212 is configured to, upon activation of drive as- As previously described, at the distal insertion position,
sembly 3210, drive holder 3224, and also coupled needle deflected retention element 3342 decouples needle car-
carrier assembly 3208, insertion element 3274 and on- rier assembly 3208 from holder 3224, allowing second
skin sensor assembly 160, in the distal direction to the 50 spring 3228 to drive needle carrier assembly 3208 in the
distal insertion position. Substantially at the distal inser- proximal direction. As needle carrier assembly 3208 is
tion position, needle carrier assembly 3208 may decou- driven in the proximal direction, retention elements
ple from holder 3224 and on-skin sensor assembly 160. 3372a, 3372b detach from on-skin sensor assembly 160.
[0202] Second spring 3228 may be a compression Although two retention elements are illustrated, any
spring, or any suitable type of spring, and may have a 55 number of retention elements are contemplated. In some
first end coupled to holder 3224 and a second end cou- embodiments, retention element(s) 3372a, 3372b may
pled to needle carrier assembly 3208. Second spring comprise snap fits, friction fits, interference features,
3228is configured to drive needle carrier assembly 3208, elastomeric grips and/or adhesives configured to couple
32
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on-skin sensor assembly 160 with needle carrier assem-
bly 3208 and/or holder 3224. Moreover, alternative
mechanisms that may perform such retention and re-
lease actions are further described in connection with at

retracted position.

[0214] FIG. 35A-35C illustrate several cross-sectional
views of an on-skin sensor assembly retention mecha-
nism of applicator 3200 of FIG. 32, according to some

least FIGs. 35A-37C below. 5 embodiments. The retention mechanism described in
[0208] FIG. 33E illustrates a perspective cutaway view connection with FIGS. 35A-35C is similar to the retention
of aretention element 3346 of holder 3224 and a retention mechanism previously described in connection with
element 3348 of applicator housing 3202 configured to FIGs. 6A-6H. FIG. 35A illustrates the retention mecha-
immobilize needle carrier assembly 3208 to holder 3346 nism while applicator 3200 is in the pre-activated state.
upon needle carrier assembly 3208 reaching the distal 70 Retention element 3372a is illustrated as a portion of
insertion position. This interaction immobilizes insertion holder 3224 and configured to releasably couple on-skin
element 3274 in the proximal retraction position, thereby sensor assembly 160 to holder 3224 as needle carrier
ensuring the end ofinsertion element 3274 is not exposed assembly 3208 travels in the distal direction to the distal
out the bottom of applicator 3200. insertion position, and to decouple on-skin sensor as-
[0209] A brief description of the operation of applicator 75 sembly 160 from holder 3224 as needle carrier assembly
3200 follows with respect to FIGs. 34A-34F, which illus- 3208 travels in the proximal direction from the distal in-
trate several perspective views of the applicator of FIG. sertion position towards the proximal retraction position.
32 during operation, according to some embodiments. Specifically, retention element 3372a may comprise a
[0210] FIG. 34A illustrates a state of applicator 3200 first end 3376a and a second end 3378a. The second
at activation. Activation element 3204 is illustrated inthe 20 end may be releasably coupled to on-skin sensor assem-
process of being activated, having been pushed down bly 160 in the pre-activation state. As previously stated,
by a user, for example. Activation element 3204 deflects retention element(s) 3372a, 3372b may comprise snap
retention element 3312 such that holder 3224 is not pre- fits, friction fits, interference features, elastomeric grips
vented from traveling in the distal direction. Holder 3224, and/or adhesives configured to couple on-skin sensor
needle carrier assembly 3208, insertion element 3274, 25 assembly 160 with needle carrier assembly 3208 and/or
first spring 3212 and second spring 3228 are all shown holder 3224. FIG. 35A further illustrates applicator hous-
in pre-activation positions. ing 3202 comprising an optional reinforcing element 3510
[0211] FIG. 34B illustrates applicator 3200 during ac- configured to prevent lateral motion of retention element
tivation. Activation element 3204 is illustrated in the ac- 3372a in the proximal starting position, thereby support-
tivated position. Spring 3212 is driving holder 3224, and 30 ing releasable coupling of second end 3378a of retention
also needle carrier assembly 3208, insertion element element 3372a with on-skin sensor assembly 160.
3274, and on-skin sensor assembly 160, in the distal di- [0215] FIG. 35B illustrates applicator 3200 in the distal
rection toward the distal insertion position. insertion position after activation. As needle carrier as-
[0212] FIG. 34C illustrates applicator 3200 during ac- sembly 3208 travels in the distal direction to the distal
tivation, as needle carrier assembly 3208 approaches 35 insertion position, retention element 3342 of needle car-
the distal insertion position. Activation element 3204 is rier assembly 3208 is released from holder 3224. The
illustrated in the activated position. Insertion assembly second end of retention element 3372a may still be re-
3208, insertion element 3274, holder 3224 and on-skin leasably coupled to on-skin sensor assembly 160. FIG.
sensor assembly 160 are driven in the distal direction to 35B further illustrates optional reinforcing element 3510
the distal insertion position. At or near this distal insertion 40  as no longer being in physical contact with retention el-
position, at least a portion of insertion element 3274 as ement 3372a in the distal insertion position, thereby al-
well as at least a portion of sensor 138 of on-skin sensor lowing for the uncoupling of second end 3378a of reten-
assembly 160 may be inserted into the skin of the host. tion element 3372a from on-skin sensor assembly 160.
At this position, retention element 3342 is deflected by a [0216] FIG. 35C illustrates applicator 3200 where nee-
portion of applicator housing 3302 or base 3230, thereby 45 dle carrier assembly 3208 is moving in the proximal di-
decoupling needle carrier assembly 3208 from holder rection from the distal insertion position. Since retention
3224. element 3342 of needle carrier assembly 3208 was un-
[0213] FIG. 34D illustrates applicator 3200 during ac- coupled from holder 3224 at the distal insertion position,
tivation. Activation element 3204 is illustrated in the ac- as needle carrier assembly 3208 travels back in the prox-
tivated position. Second spring 3228 drives needle car- 50 imal direction, needle carrier assembly 3208 separates
rier assembly 3208 and insertion element 3274 in the from holder 3224. As needle carrier assembly 3208 trav-
proximal direction from the distal insertion position. Al- els in the proximal direction, first end 3376a of retention
though not shown in FIG. 34D, once needle carrier as- element 3372a is deflected by needle carrier assembly
sembly reaches the proximal retraction position, reten- 3208, thereby decoupling second end 3378a of retention
tion elements 3346 and 3348 may be engaged with one 55 element 3372a from on-skin sensor assembly 160. FIG.
another immobilizing needle carrier assembly 3208 and 35C further illustrates optional reinforcing element 3510
insertion element 3274 in the proximal retraction position, as no longer being in physical contact with retention el-
thereby maintaining insertion element 3274 in a locked, ement 3372a in the distal insertion position.
33
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[0217] FIG. 36A-36C illustrate several cross-sectional
views of another on-skin sensor assembly retention
mechanism of applicator 3200 of FIG. 32, according to
some embodiments. FIG. 36A illustrates the retention
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mechanism of applicator 3200 of FIG. 32, according to
some embodiments. FIG. 37A illustrates applicator 3200
in the pre-activated position. Retention element 3372a
is illustrated in FIG. 37A as an integral portion of holder

mechanism while applicator 3200 is in the pre-activated 5 3208 and is configured to releasably couple on-skin sen-
state. Retention element 3372a is illustrated as a portion sor assembly 160 to holder 3224 as needle carrier as-
of needle carrier assembly 3208 and is configured to re- sembly 3208 travels in the distal direction to the distal
leasably couple on-skin sensor assembly 160 to holder insertion position, and to decouple on-skin sensor as-
3224 as needle carrierassembly 3208 travels in the distal sembly 160 from holder 3224 as needle carrier assembly
direction to the distal insertion position, and to decouple 70 3208 travels in the proximal direction from the distal in-
on-skin sensorassembly 160 from holder 3224 as needle sertion position towards the proximal retraction position.
carrier assembly 3208 travels in the proximal direction Specifically, retention element 3372a may releasably
from the distal insertion position towards the proximal couple on-skin sensor assembly 160 as needle carrier
retraction position. Specifically, retention element 3372a assembly 3208 travels in the distal direction to the distal
may releasably couple on-skin sensor assembly 160 as 75 insertion position. FIG. 37A further illustrates applicator
needle carrier assembly 3208 travels in the distal direc- housing 3202 comprising an optional first reinforcing el-
tion to the distal insertion position. FIG. 36A further illus- ement 3710 configured to prevent lateral motion of re-
trates applicator housing 3202 comprising an optional tention element 3342 in the proximal retracted position.
reinforcing element 3610 configured to prevent lateral FIG. 37A further illustrates needle carrier 3208 compris-
motion of retention element 3372a and/or retention ele- 20 ing an optional second reinforcing element 3712 config-
ment 3342 in the proximal starting position, thereby sup- ured to prevent lateral motion of retention element 3372a,
porting releasable coupling of retention element 3372a thereby supporting releasable coupling of retention ele-
with on-skin sensor assembly 160. ment 3372a with on-skin sensor assembly 160.

[0218] FIG. 36B illustrates applicator 3200 at the distal [0221] FIG. 37B illustrates needle carrier assembly
insertion position. Retention element 3342 of needle car- 25 3208 in the distal insertion position. Retention element
rier assembly 3208 is uncoupled from holder 3224 at the 3342 of needle carrier assembly 3208 is uncoupled from
distal insertion position, retention element 3224 being holder 3224 at the distal insertion position. Accordingly,
deflected by a portion of applicator housing 3202 or an needle carrier assembly 3208 separates from holder
applicator base of applicator housing 3202 sufficient for 3224 as needle carrier assembly 3208 travels back in
retention element 3224 to clear a stop element of needle 30 the proximal direction underinfluence of a force provided
carrier assembly. Accordingly, needle carrier assembly by spring 3228 as spring 3228 unloads, pushing against
3208 separates from holder 3224 as needle carrier as- holder 3224 and needle carrier assembly 3208. FIG. 37B
sembly 3208 travels back in the proximal direction by a further illustrates optional first reinforcing element 3710
force provided by spring 3228. Rather than being phys- as no longer being in physical contact with retention el-
ically deflected in orientation as needle carrier assembly 35 ement 3342 in the distal insertion position, thereby allow-
3208 travels in the proximal direction, retention element ing for the uncoupling of holder 3224 from needle carrier
3372ais formedto be easily deflected or deformed simply assembly 3208. Optional second reinforcing element
by the separation of holder 3224 from needle carrier as- 3712 is still illustrated as being in physical contact with
sembly 3208. FIG. 36B further illustrates optional rein- retention element 3372a in the distal insertion position.
forcing element 3610 as no longer being in physical con- 40 [0222] FIG. 37C illustrates needle carrier assembly as
tact with retention element 3372a and/or retention ele- it begins to travel in the proximal direction, after retention
ment 3342 in the distal insertion position, thereby allow- element 3372a of needle carrier assembly 3208 is un-
ing for the uncoupling of retention element 3372a from coupled from holder 3224. Rather than being physically
on-skin sensor assembly 160 and/or the uncoupling of deflected in orientation as needle carrier assembly 3208
holder 3224 from needle carrier assembly 3208. 45 travels in the proximal direction, as in FIGs. 35A-35C,
[0219] FIG. 36C illustrates needle carrier assembly retention element 3372a detaches from on-skin sensor
3208 moving in the proximal direction from the distal in- assembly 160 simply by the user removing applicator
sertion position of FIG. 36B. As shown, retention element 3200 from the skin. In some embodiments, an adhesive
3372a has been released from on-skin sensor assembly patch that holds on-skin sensor assembly 160 to the skin
160 by separation of needle carrier assembly 3208 from 50 of the host provides sufficient bonding strength to decou-
holder 3224, and needle carrier assembly 3208 is driven ple on-skin sensor assembly 160 from the skin of the host
in the proximal direction by a force provided by spring when applicator 3200 is removed from the skin. FIG. 37C
3228. FIG. 36C further illustrates optional reinforcing el- further illustrates optional first reinforcing element 3710
ement 3610 as no longer being in physical contact with as no longer being in physical contact with retention el-
retention element 3372a and/or retention element 3342 55 ement 3372a in the proximal retracted position, thereby
in the proximal retracted position. supporting uncoupling of retention element 3372a from
[0220] FIG. 37A-37C illustrate several cross-sectional on-skin sensor assembly 160.

views of yet another on-skin sensor assembly retention [0223] FIG. 38 illustrates a perspective view of an ap-
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plicator 3800 similar to those shown in FIG. 32, including
an activation element 3804 on a side of an applicator
housing 3802, according to some embodiments. Appli-
cator 3800 may have substantially the same features as

herein, on-skin sensor assembly 160 is held in place dur-
ing at least travel in the distal direction to the distal inser-
tion position. In some such embodiments, on-skin sensor
assembly 160 is then released or decoupled from a por-

either applicator 3200 of FIG. 32, except that activation 5 tion of the applicator during application to the skin of the
element 3804 is located on a side of applicator housing host so that a needle carrier assembly and insertion el-
3802, rather than on a top of the applicator housing. Such ement may travel back in the proximal direction. FIGS.
an arrangement may provide for an applicator having a 41A-45 illustrate several alternative retention mecha-
reduced height compared to top-activated applicators, nisms that may be utilized in any of the applicators de-
though potentially having an increased width or diameter 70 scribed herein.
compared to the top-activated applicators. [0228] FIGs. 41A-41B illustrate an exemplary on-skin
[0224] FIG. 39 illustrates a cutaway view of a portion sensor assembly retention mechanism of an applicator
of applicator 3800 of FIG. 38, according to some embod- for an analyte sensor system, according to some embod-
iments. Activation element 3804 may be configured to, iments. The retention mechanism illustrated by FIGs.
upon activation, deflect a retention element 3902 of hold- 75 41A-41B may be considered a first on-skin sensor as-
er 3824 configured to prevent holder 3824 from traveling sembly retention configuration, and is similar to the re-
in the distal direction. All other features of applicator 3800 tention mechanism previously described in connection
not discussed may be substantially as previously de- with FIG. 5.
scribed for either applicator 3200 of FIG. 32. [0229] FIG. 41A illustrates a retention mechanismin a
[0225] FIGS. 40A-40G illustrate several perspective 20 state where on-skin sensor assembly 160 is retained,
views of an assembly process for the applicator of FIG. while FIG. 41B illustrates the retention mechanism in a
32, according to some embodiments. FIG. 40A illustrates state where on-skin sensor assembly 160 is decoupled.
inserting second spring 3228 into holder 3224. FIG. 40B [0230] FIG. 41A illustrates retention elements 41723,
illustrates next inserting insertion element 3274 into nee- 4172b of a holder 4124 configured to releasably couple
dle carrier assembly 3208 and then inserting insertion 25 on-skin sensor assembly 160 to holder 4124 as needle
element 3274 into needle carrier assembly 3208 into carrier assembly 4108 (and so insertion element 4172,
holder 3224. In some embodiments, inserting insertion holder 4124, and on-skin sensor assembly 160) travels
element 3274 into needle carrier assembly 3208 into in the distal direction to the distal insertion position. Spe-
holder 3224 pre-compresses second spring 3228. FIG. cifically, retention elements 4172a, 4172b may each
40C illustrates coupling on-skin sensor assembly 160to 30 comprise a firstend 4176a, 4176b, a second end 4178a,
at least one of holder 3224 and needle carrier assembly 4178b, and a pivot point 4180a, 4180b. First end 4176a,
3208 by coupling retention elements (not shown in FIG. 4176b is immobilized in a respective guide 4174a, 4174b
40C) of holder 3224 or of needle carrier assembly 3208 of needle carrier assembly 4108 and each of retention
to attachment points (not shown in FIG. 40C) of on-skin elements 4172a, 4172b is immobilized against interfer-
sensor assembly 160. 35 ence points 4182a, 4182b of needle carrier assembly
[0226] FIG. 40D illustrates coupling activation element 4108, thereby releasably coupling and immobilizing sec-
3204 to applicator housing 3202. In FIG. 40D, activation ond end 4178a, 4178b to attachment points 4162a,
element 3204 is coupled on a top of applicator housing 4162b of on-skin sensor assembly 160 as needle carrier
3202. In some embodiments, activation element 3204 assembly 4108 travels in the distal direction to the distal
may be pressed into an opening of applicator housing 40 insertion position. In some embodiments, the profile of
3202 configured to receive activation element 3204. slots 4174a, 4174b may be such that the sides of slots
However, in other embodiments, applicator housing 4174a, 4174b exert a force on first ends 4176a, 4176b
3202 may accommodate activation element 3204 in other of retention elements 4172a, 4172b sufficientto hold sec-
locations, for example, an upper, medial or lower side of ond ends 4178a, 4178b of retention elements 4172a,
applicator housing. FIG. 40E illustrates inserting first 45 4172b in engagement with attachment points 4162a,
spring 3212 into applicator housing 3202. FIG. 40F illus- 4162b of on-skin sensor assembly 160. Although two re-
trates inserting the assembly described in FIG. 40C tention elements are illustrated, any number of retention
(comprising holder 3224, second spring 3228, needle elements are contemplated.
carrier assembly 3208, insertion element 3274 and on- [0231] FIG. 41B illustrates the retention mechanism
skin sensor assembly 160) into applicator housing 3202. 50 as needle carrier assembly 4108 and insertion element
In some embodiments, the act of inserting the assembly 4174 travel in the proximal direction from the distal inser-
described in FIG. 40C pre-compresses first spring 3212. tion position to the proximal retraction position. As needle
FIG. 40G illustrates coupling base 3230 to applicator carrier assembly 4108 travels back in the proximal direc-
housing 3202. tion, needle carrier assembly 4108 separates from holder
55 4124, thereby removing first ends 4176a, 4176b of re-
On-Skin Sensor Assembly Retention Mechanisms tention elements 4172a, 4172b from respective slots
4174a,4174b, allowing firstends 4176a, 4176b to deflect
[0227] In some embodiments of applicators described inward and second ends 4178a, 4178b of retention ele-
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ments 4172a, 4172b to deflect outward from attachment
points 4162a, 4162b of on-skin sensor assembly 160 as
retention elements 4172a, 4172b rotate about pivot
points 4180a, 4180b.

gaging from on-skin sensor assembly 4324 while needle
carrier assembly 4308 is in contact with holder 4324.

[0237] FIG. 43B illustrates the retention mechanism
as needle carrier assembly 4308 travels in the proximal

[0232] FIGs. 42A-42B illustrate an exemplary on-skin 5 direction from the distal insertion position to the proximal
sensor assembly retention mechanism of an applicator retraction position. As needle carrier assembly 4308 trav-
for an analyte sensor system, according to some embod- els in the proximal direction, needle carrier assembly
iments. The retention mechanism illustrated by FIGs. 4308 separates from holder 4324. Although not shown
42A-42B may be considered a second on-skin sensor in FIGs. 43A-43B, holder 4324 may be immobilized to
assembly retention configuration, and is similar to the 70 an applicator housing or base by one or more retention
retention mechanism previously described in connection elements, similar to retention elements 642, 644 of FIG.
with FIG. 36. FIG. 42A illustrates a retention mechanism 6E. Accordingly, retention elements 4372a, 4372b may
in a state where on-skin sensorassembly 160 is retained, be uncoupled from respective attachment points 4362a,
while FIG. 42B illustrates the retention mechanism in a 4362b of on-skin sensor assembly 160 as the applicator
state where on-skin sensor assembly 160 is decoupled. 75 is removed from the skin of the host. In some embodi-
[0233] FIG. 42A illustrates retention elements 4272a, ments, an adhesive patch that holds on-skin sensor as-
4272b as portions of needle carrier assembly 4208 that sembly 160 to the skin of the host provides sufficient
pass through or around needle carrier assembly 4208, bonding strength to decouple on-skin sensor assembly
rather than as portions of holder 4224. Retention ele- 160 from the skin of the host when the applicator is re-
ments 4272a, 4272b are configured to releasably couple 20 moved from the skin.

on-skin sensor assembly 160 to holder 4228 as needle [0238] FIG. 44 illustrates another portion of an exem-
carrierassembly 4208 (and so aninsertion element, hold- plary on-skin sensor assembly retention mechanism of
er 4224, and on-skin sensor assembly 4224) travels in an applicator for an analyte sensor system, according to
the distal direction to the distal insertion position. some embodiments. FIG. 44 illustrates a needle carrier
[0234] FIG. 42B illustrates the retention mechanism 25 assembly 4408, a holder 4424, and on-skin sensor as-
as needle carrier assembly 4208 and insertion element sembly 160. Contrary to several previous embodiments
4274 travel in the proximal direction from the distal inser- of retention mechanisms for on-skin sensor assembly
tion position to the proximal retraction position. As needle 160, needle carrier assembly 4408 comprises at least
carrier assembly 4208 travels in the proximal direction, one retention element4472a and holder 4424 comprises
needle carrier assembly 2508 separates from holder 30 atleast one alignment element 4473a, in which retention
4224 and retention elements 4272a, 4272b are uncou- element 4472a is configured to releasably couple to on-
pled from respective attachment points 4262a, 4262b of skin sensor assembly 160, and alignmentelement4473a
on-skin sensor assembly 160. Rather than being physi- is configured to align on-skin sensor assembly 160 within
cally deflected in orientation as needle carrier assembly the applicator. This distribution of retention elements be-
4208 travels in the proximal direction, as described for 35 tween both a needle carrier assembly and a holder may
retention elements 4172a, 4172b of FIGS. 41A-41B, re- be implemented for any on-skin sensor assembly reten-
tention elements 4272a, 4272b are pulled out of attach- tion mechanism described herein.

ment points 4262a, 4262b by the energy of the retraction. [0239] FIGs. 45 and 46 illustrate portions of exemplary
[0235] FIGs. 43A-43B illustrate an exemplary on-skin on-skin sensor assembly retention mechanisms of an ap-
sensor assembly retention mechanism of an applicator 40 plicator for an analyte sensor system, according to some
for an analyte sensor system, according to some embod- embodiments. FIGs. 45 and 46 illustrate a needle carrier
iments. The retention mechanism illustrated by FIGs. assembly 4508, 4608, a rotating drive element 4514,
43A-43B may be considered a passive snap design. FIG. 4614 similar to that previously described in connection
43A illustrates a retention mechanism in a state where with FIG. 5, and on-skin sensor assembly 160. Accord-
on-skin sensor assembly 160 is retained, while FIG.43B 45 ingly, the retention mechanisms of FIGs. 45 and 46 may
illustrates the retention mechanism in a state where on- function similarly to that described in FIG. 5. Rotating
skin sensor assembly 160 is decoupled. drive element 4514, 4614 may be a wheel cam and may
[0236] FIG. 43A illustrates retention elements 4372a, comprise a cam lobe 4518 (e.g., a ramp or protrusion,
4372b as portions of a holder 4324. Retention elements not shown in FIG. 46, see FIG. 45) disposed along at
4372a, 4372b are configured to releasably couple on- 50 least a portion of a circumference of rotating drive ele-
skin sensor assembly 160 to holder 4324 as needle car- ment 4514, 4614. In FIG. 45, as rotating drive element
rier assembly 4308 (and so an insertion element, holder 4514 is rotated, protrusion 4518 may travel alongside
4324, and on-skin sensor assembly 4324) travels in the needle carrier assembly 4508 and come into contact with
distal direction to the distal insertion position. FIG. 43A and increasingly apply a force to on-skin sensor assem-
furtherillustrates protrusions 4380a,4380b ofneedlecar- 55 bly 160 such that on-skin sensor assembly 160 decou-
rier assembly 4308 configured to physically contact re- ples from needle carrier assembly 4508. In FIG. 46, as
tention elements 4372a, 4372b of holder 4324 thereby rotating drive element4614 is rotated, the protrusion may
preventing retention elements 4372a, 4372b from disen- travel at least partially through a guide or slot 4620 in
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needle carrier assembly 4608 and come into contact with
and increasingly apply a force to on-skin sensor assem-
bly 160 such that on-skin sensor assembly 160 decou-
ples from needle carrier assembly 4608. In this way, ro-

that account for skin tenting (e.g., the skin bowing in a
substantially convex fashion as the host pushes the ap-
plicator against the skin). FIGs. 71-89 may be further
directed to preventing an insertion mechanism, assembly

tating drive element 4514, 4614 may serve both todrive 5  or spring from stalling due to such skin tenting by, among
needle carrier assembly 4508, 4608 in the distal and other aspects, initiating retraction, after insertion, based
proximal directions, as previously described in connec- on an on-skin sensor assembly and/or other features of
tion with FIG. 5, and to release on-skin sensor assembly the applicator pushing against the skin of the host with a
160 upon deposition to the skin of the host. force sufficient to initiate the retraction, as opposed to
[0240] In some embodiments, on-skin sensor assem- 70  retraction being triggered by the on-skin sensor assembly
bly retention mechanisms may incorporate features to and/or other features of the applicators reaching a pre-
couple an on-skin sensor assembly to the needle carrier determined physical displacement in the distal direction.
assembly and/or the holder. Methods of coupling on-skin Itis contemplated that such force-based retraction trigger
sensor assembly are described in U.S. Patent Applica- allows the transition from insertion to retraction at a va-
tion No. 15/387088. For non-limiting example, on-skin 75 riety of distally displaced positions based at least in part
sensor assembly retention mechanisms may include a on the location of the surface of the skin of the host during
frangible release (e.g. FIGS. 137-140), a frangible elas- application.
tomer (e.g. FIGS. 134-136), a releasable adhesive (e.g. [0245] FIG. 71 illustrates an applicator 7100 for an on-
FIG. 123-125), or a releasable friction-fit coupling (e.g. skin sensor assembly of an analyte sensor system, ac-
FIG. 126-133). 20 cording to some embodiments. As will be described be-
[0241] For example, a frangible release can be imple- low, applicator 7100 may comprise an activation element
mented in the current embodiments by a structure at- 7104 disposed on a side of applicator 7100, for example,
tached between an on-skin sensor assembly (e.g. 160), on a side of an outer housing 7101 of applicator 7100.
a holder (e.g. 524), a needle carrier (e.g. 508), and/or an In some embodiments, activation element 7104 may be
applicator housing (e.g. 502). The frangible component 25 a button, a switch, a toggle, a slide, a trigger, a knob, a
may include features such has a weakened portion or a rotating member, a portion of applicator 7100 that de-
portion designated to fracture during release of the on- forms and/or flexes or any other suitable mechanism for
skin sensorassembly from the applicator. Frangible com- activating an insertion and/or retraction assembly of ap-
ponents configured to fracture may include patch mate- plicator 7100. In some embodiments, activation element
rial (e.g. spun lace) or molded components (e.g. ABS, 30 7104 may be disposed in any location, e.g., a top, upper
PC, polymer, elastomeric polymer, etc.). side, lower side, or any other location of applicator 7100.
[0242] Forexample, a releasable adhesive can be im- Applicator 7100 may be large enough for a host to grasp
plemented in the current embodiments by a releasable with a hand and push, or otherwise activate, activation
adhesive releasably attached between an on-skin sensor element 7104 with, for example, athumb, or with anindex
assembly (e.g. 160), a holder (e.g. 524), a needle carrier 35 finger and/or a middle finger.
(e.g. 508), and/or an applicator housing (e.g. 502). The [0246] Applicator 7100 may be configured with one or
releasable adhesive may consist of a double sided ad- more safety features such that applicator 7100 is pre-
hesive tape, a glue, or a hot melt polymer. The releasable vented from activating until the safety feature is deacti-
adhesive is configured to detach during release of the vated. In one example, the one or more safety features
on-skin sensor assembly from the applicator via an ap- 40 prevents applicator 7100 from activating unless applica-
plicator mechanism (e.g. retraction mechanism) or user tor 7100 is pressed against the skin of a host with suffi-
force. cient force. Moreover, as will be described in more detail
[0243] For example, a releasable friction-fit coupling in connection with one or more of FIGS. 72-80B below,
can be implemented in the current embodiments by a applicator 7100 may be further configured such that one
surface contact between an on-skin sensor assembly 45 or more components therein retract based at least in part
(e.g. 160), a holder (e.g. 524), a needle carrier (e.g. 508), on the one or more components pushing against the skin
and/or an applicator housing (e.g. 502). The releasable of the host with a force exceeding a predetermined
friction-fit coupling may consist of a rigid or elastomeric threshold, rather than based on the one or more compo-
material (e.g. silicone, TPE, TPU, rubber, etc.) or a com- nents translating beyond a predetermined and static dis-
bination thereof. The coupled components (e.g. on-skin 50 tal position. In other words, applicator 7100 may imple-
sensor assembly 160 and holder 524) have a frictional ment force-based retraction triggering rather than being
material interaction (e.g. interference fit, deformable fit, limited to displacement-based retraction triggering.
etc.). The releasable friction-fit coupling is configured to [0247] FIG.72illustrates an exploded perspective view
detach during release of the on-skin sensor assembly of applicator 7100 of FIG. 71, according to some embod-
from the applicator via an applicator mechanism (e.g. 55 iments. Applicator 7100 may include outer applicator
retraction mechanism) or user force. housing 7101 comprising activation element 7104. Outer
[0244] Discussion with respect to FIGs. 71-89 below applicator housing 7101 may be configured to translate
may be directed to, among other aspects, applicators in a distal direction by a force applied by a host to appli-
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cator 7100, specifically to inner housing 7102, thereby
aligning activation element 7104 in a position that allows
applicator 7100 to fire. Further explanation of the align-
ment process will be explained below.

tion assembly configured to translate insertion element
7174, needle hub 7150, needle carrier assembly 7108,
and on-skin sensor assembly 360 from a proximal posi-
tion, in the distal direction, to a distal insertion position.

[0248] Applicator 7100 further comprises inner hous- 5 Such an insertion assembly may include a first spring
ing 7102, configured to house atleast one or more mech- 7112. First spring 7112 may be a compression spring, or
anisms utilized to apply on-skin sensor assembly 360 to any suitable type of spring, and may have a first end in
skin 130 of a host. A distal surface 7130 of a bottom contact with or coupled to inner applicator housing 7102
opening of inner housing 7102 may define a bottom sur- and a second end in contact with or coupled to holder
face of applicator 7100. In some embodiments, upon 70 7124. First spring 7112 is configured to, upon activation
pressing applicator 7100 against skin 130 of the host, of the insertion assembly, translate holder 7124, needle
skin 130 may deform in a substantially convex shape at carrier assembly 7108, needle hub 7150, insertion ele-
distal surface 7130 such that atleast a portion of a surface ment 7174 and on-skin sensorassembly 360, in the distal
of skin 130 disposed at the bottom opening of applicator direction to the distal insertion position. Substantially at
housing 7102 extends into the bottom opening of inner 75 the distal insertion position, needle carrier assembly
housing 7102 beyond a plane defined by distal surface 7108 may decouple from holder 7124 and on-skin sensor
7130 in a proximal direction. assembly 360.

[0249] In some embodiments, a first barrier layer 7192 [0253] Applicator 7100 may further comprise a retrac-
may be disposed over one or more apertures in inner tion assembly configured to translate needle carrier as-
housing 7102, for example, an aperture 7106 through 20 sembly 7108, needle hub 7150 and insertion element
which at least a portion of activation element 7104 may 7174, in the proximal direction, from the distal insertion
be configured to extend through during activation of ap- position to a proximal retracted position. In some embod-
plicator 7100. In such embodiments, a portion of activa- iments the initial proximal position may be the same as
tion element 7104 may be configured to pierce or deform the proximal retracted position. In other embodiments,
first barrier layer 7192 upon activation of applicator 7100. 25 theinitial proximal position may be different from the prox-
First barrier layer 7192 may comprise a gas permeable imal retracted position. Such a retraction assembly may
material such as Tyvek, or a non-gas permeable material include a second spring 7128. Second spring 7128 may
such as metallic foil, polymer film, elastomer, or any other be a compression spring, or any suitable type of spring,
suitable material. and may have a first end contacting or coupled to holder
[0250] Applicator 7100 may further comprise aneedle 30 7124 and a second end in contact with or coupled to at
carrierassembly 7108, including a needle hub 7150 con- least one spring retention element (e.g., 7442a, 7442b
figured to couple an insertion element 7174 to needle in FIGs. 74A-75B), atleast until retraction. Second spring
carrier assembly 7108. In some other embodiments, in- 7128 is configured to translate needle carrier assembly
sertion element 7174 may be directly coupled to needle 7108, needle hub 7150, and insertion element 7174 in
carrier assembly 7108. Insertion element 7174 is config- 35 the proximal direction from the distal insertion position to
ured to insert sensor 338 of on-skin sensor assembly 360 the proximal retracted position in response to on-skin
(see FIGs. 3A-4) into skin 130 of the host (e.g., FIG. 1). sensor assembly 360 contacting skin 130 of the host,
In some embodiments, the insertion element comprises and/or reaching a limit of travel with a force exceeding a
a needle, for example, an open sided-needle, a needle predetermined threshold sufficient to cause first end of
with a deflected-tip, a curved needle, a polymer-coated 40 second spring 7128 to overcome the at least one spring
needle, a hypodermic needle, or any other suitable type retention element (e.g., 7442a,7442bin FIGs.74A-75B).
of needle or structure, as described in connection with In some embodiments, a stop feature (not shown) may
at least FIGs. 47-50 and 80A-B. In yet other embodi- be disposed at a bottom of applicator 7100, e.g., on a
ments, insertion element 7174 may be integrally formed distal portion of inner housing 7102. Such a stop feature
with sensor 338 and may be sufficiently rigid to be insert- 45 may be configured to contact one or more of on-skin sen-
ed partially into skin 130 of the host with minimal or no sor assembly 360, needle carrier 7108, or holder 7124
structural support. in the distal insertion position.

[0251] Applicator 7100 may further include a holder [0254] In some embodiments, transfer of on-skin sen-
7124 releasably coupled to needle carrierassembly 7108 sor assembly 360 between insertion and retraction may
and configured to guide needle carrier assembly 7108 50 occur as previously described in connection with, for ex-
and on-skin sensor assembly 360 while coupled to nee- ample, any of FIGs. 35A-37C.

dle carrierassembly 7108, e.g., at least during translation [0255] In some embodiments, a second barrier layer
from a proximal position to a distal insertion position. As 7194 may be disposed over the bottom opening of inner
will be described in more detail below, on-skin sensor housing 7102. Second barrier layer 7194 may comprise
assembly 360 may be stripped or released from holder 55 a gas permeable material such as Tyvek, or a non-gas
7124 and/or needle carrier assembly 7108 once on-skin permeable material such as metallic foil, film. In some
sensor assembly 360 is disposed on skin 130 of the host. embodiments, second barrier layer 7194 may be re-
[0252] Applicator 7100 may further comprise an inser- moved by the host prior to use of applicator 7100. In

38

ABBOTT Exhibit 2003

Page 38 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.
IPR2024-00520



73 EP 3 928 688 B1 74

embodiments comprising one or both of first and second
barrierlayers 7192, 7194, such layers may provide a ster-
ile environment between applicator 7100 and the outside
environment and/or may allow ingress and egress of gas
such as during sterilization.

[0256] Although not shown in FIGs. 71-72, in some
embodiments, applicator 7100 may comprise a cap con-
figured to be secured to distal surface 7130 of inner hous-
ing 7102 and that may be removed before use. In some

housing 7102 until activation element 7104 is aligned with
aperture 7106 of inner housing 7102 and insertion as-
sembly retention element 7332 of holder 7124. Insertion
assembly retention element 7332 may comprise, e.g., an
arm, a deflection element, a tab, a detent, a snap or any
other feature capable of a retaining function. Once such
an alignment is achieved, a host may initiate (e.g. push-
ing) activation element 7104, as shown by arrow 7304,
thereby deflecting insertion assembly retention element

embodiments, such a cap may also function as a sterile 70 7332 sufficiently to release holder 7124 from inner hous-
barrier, as previously described in U.S. Patent Applica- ing 7102. In some other embodiments, applicator 7100
tion No. 16/011527. may be configured such that activation element 7104
[0257] A brief description of some aspects of the op- may be activated first, but that actual insertion is not trig-
eration of applicator 7100 follows with respect to FIGs. gered until outer housing 7101 is translated sufficiently
73A-73C, which illustrate several cross-sectional views 75 in the distal direction toward and with respect to inner
of applicator 7100 of FIGs. 71 and 72 during operation, housing 7102. In yet other embodiments, activation ele-
according to some embodiments. FIGs. 73A-73C may ment 7104 may be biased toward a center of applicator
correspond to applicator 7100 cut along the section line 7100 such that activation element 7104 need not be ex-
A-A’ shown in FIG. 71, for example. plicitly activated by the host but, instead, activation ele-
[0258] FIG. 73A illustrates a state of applicator 7100 20 ment 7104 may be configured to automatically initiate
prior to activation. Holder 7124 comprises an insertion insertion upon outer housing 7101 being translated suf-
assembly retention element 7332 configured to contact ficiently in the distal direction toward and with respect to
inner housing 7102, thereby immobilizing holder 7124, inner housing 7102.
needle carrier assembly 7108, needle hub 7150, inser- [0262] Such configurations provide several benefits.
tion element 7174 and on-skin sensor assembly 360, in 25 First, translation of outer housing 7101 with respect to
the pre-activated state. inner housing 7102 before activation provides a measure
[0259] Needle carrier assembly 7108 comprises a plu- of drop protection such that if applicator 7100 is acciden-
rality of wearable retention and/or alignment elements tally dropped, it may not prematurely fire. Second, spring
7372a, 7372b configured to extend through holder 7124 7320 provides a force bias that the host has to affirma-
and releasably couple on-skin sensor assembly 360 to 30 tively overcome by pressing applicator 7100 into their
holder 7124 and/or to needle carrier assembly 7108. skin prior to firing, thereby reducing the probability of ac-
Wearable retention elements 7372a, 7372b may com- tivating applicator 7100 before it is properly positioned.
prise, e.g., arms, deflection element, tabs, detents, snaps Further, the host may decide to not fire applicator 7100
or any other features capable of a retaining function. In and discontinue pressing applicator 7100 against their
some embodiments, wearable retention elements 35 skin, in which spring 7320 will bias against outer housing
7372a, 7372b may extend around rather than through 7101 and allow outer housing 7101 to return to its initial
holder 7124. Although two wearable retention elements state.
are illustrated, any number of wearable retention ele- [0263] Holder 7124, needle carrier assembly 7108,
ments are contemplated. In some embodiments, wear- needle hub 7150, insertion element 7174, on-skin sensor
able retention element(s) 7372a, 7372b may comprise 40 assembly 360, first spring 7112 and second spring 7128
snap fits, friction fits, interference features, elastomeric are all shown in pre-activation positions in FIG. 73A.
grips and/or adhesives configured to couple on-skin sen- [0264] FIG. 73B illustrates applicator 7100 during in-
sor assembly 360 with needle carrier assembly 7108 sertion of on-skin sensor assembly 360 but before re-
and/or holder 7124. traction of needle carrier assembly 7108. First spring
[0260] Innerhousing7102 may compriseaspring7320 45 7112 drives holder 7124, needle carrier assembly 7108,
configured to contact outer housing 7101 and maintain needle hub 7150, insertion element 7174, and on-skin
a predetermined spacing between outer housing 7101 sensor assembly 360, in the distal direction toward the
and inner housing 7102 in the pre-activation orientation distal insertion position. FIG. 73B illustrates a position
of FIG. 73A. Spring 7320 may be a compression spring, where on-skin sensor assembly 360 is in contact with
leaf spring, flex arm spring, a piece of foam or rubber, 50 skin 130 of the host but where holder 7124 is not yet fully
etc. In some other embodiments, outer housing 7101 driven, by first spring 7112, into contact with on-skin sen-
may comprise spring 7320 and spring 7320 may be con- sor assembly 360 or skin 130 of the host.
figured to contact inner housing 7102, in a reverse fash- [0265] Insome embodiments, masses of each of hold-
ion from that shown in FIG. 73A. er 7124, needle carrier assembly 7108, needle hub 7150,
[0261] Activation of applicator 7100 may includeahost 55 insertion element 7174, and on-skin sensor assembly
pressing applicator 7100 against their skin with sufficient 360 may be specifically designed to reduce or substan-
force to translate outer housing 7101 in a distal direction, tially eliminate a tendency of needle carrier assembly
as shown by arrow 7302, toward and with respect to inner 7108, needle hub 7150, insertion element 7174, and on-
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skin sensor assembly 360 to detach due to inertial forces
from holder 7124 while being driven in the distal direction
during insertion. In some embodiments, a force exerted
by first spring 7112 may be selected to be sufficient for

ment, as shown in FIGS. 81A-81D. In some embodi-
ments, applicator 7100 may include three spring reten-
tion elements. In some embodiments, applicator 7100
may include four spring retention elements. In some em-

proper operation of applicator 7100, while not so large 5 bodiments, spring retention elements 7442a, 7442b are
as to further exacerbate such above-described inertially deflectable arms, rigid arms, deformable features, snaps,
triggered detachment. In some embodiments, a spring catches, or hooks. In some embodiments, spring reten-
(not shown) may be configured to exert a force against tion elements 7442a, 7442b may be actively deflected
a portion of needle carrier assembly 7108, for example by one or more features within applicator 7100.

in a distal direction, sufficient to prevent needle carrier 70 [0269] Needle carrier assembly 7108 comprises back-
assembly 7108 from inertially triggered detaching from stop features 7444a, 7444b, configured to prevent lateral
holder 7124 during insertion. deflection of spring retention elements 7442a, 7442b in
[0266] FIG. 73C illustrates applicator 7100 during ac- the proximal starting position, e.g., at least during inser-
tivation, as needle carrier assembly 7108, needle hub tion, thereby supporting retention of second spring 7128
7150 and insertion element 7174 are retracted in the 75 between spring retention elements 7442a, 7442b and
proximal direction by second spring 7128. In FIG. 73C, holder 7124 until retraction. Although two backstop fea-
first spring 7112 has fully driven on-skin sensor assembly tures are illustrated, any number of backstop features
360 to the skin of the host. In this position, second spring are contemplated. The number of backstop features may
7128 is released from spring retention elements (e.g., equal the number of spring retention elements.

7442a, 7442b in FIGS. 74A-75B) and drives needle car- 20 [0270] FIG. 75A illustrates a magnified view of spring
rier assembly 7108, needle hub 7150, and insertion ele- retention element 7442b and backstop feature 7444b. In
ment 7174 in the proximal direction from the distal inser- FIG. 75A, first spring 7112 is driving holder 7124, needle
tion position. Upon needle carrier assembly 7108 reach- carrier assembly 7108 and on-skin sensorassembly 360,
ing the proximal retraction position, needle carrier reten- in the distal direction toward the distal inserted position.
tion element 7334 of holder 7124 engages with needle 25 Backstop feature 7444b is shown engaged to spring re-
carrier assembly 7108, thereby maintaining needle car- tention element 7442b, preventing spring retention ele-
rier assembly 7108, needle hub 7150 and insertion ele- ment 7442b from deflecting laterally, thereby preventing
ment 7174 in a locked, retracted position limiting access second spring 7128 from releasing. As shown in FIG.
to insertion element 7174. Needle carrier retention ele- 75A, a proximal end of spring retention element 7442b
ment 7334 may comprise, e.g., an arm, a deflection el- 30 may be offset from a distal end of backstop feature 7444b
ement, a tab, a detent, a snap or any other feature ca- by a distance a. In some embodiments, distance a is the
pable of a retaining function. In this retracted position, length required for spring retention element 7442b to
needle carrier assembly 7108, needle hub 7150, and in- traverse along backstop feature 7444b such that spring
sertion element 7174 is prevented from travelling in a retention element 7442b clears past backstop feature
distal direction. 35 7444b. Backstop feature 7444b may feature a ramp to
[0267] A further description of some aspects of the op- guide spring retention element 7442b. A distal end of
eration of applicator 7100 follows with respect to FIGs. needle carrier assembly 7108 and a distal end of holder
74A-74C, which illustrate several cross-sectional views 7124 may be offset from each other at least the same
of applicator 7100 of FIGs. 71 and 72 during operation, distance o to allow for spring retention element 7442b to
according to some embodiments. FIGS. 74A-74C may 40 traverse distally past backstop feature 7444b.
correspond to applicator 7100 cut along the section line [0271] It may be appreciated that the frictional force
B-B’ shown in FIG. 71, for example. For ease of illustra- between corresponding contacting surfaces of backstop
tion, needle hub 7150 and insertion element 7174 are feature 7444b and spring retention element 7442b may
not shown in FIGs. 74A-74C. at least partly determine an amount of force to release
[0268] FIG. 74A illustrates a state of applicator 7100 45 spring retention element 7442b from backstop feature
prior to activation. For ease of illustration, on-skin sensor 7444b. This force may allow for lateral deflection of spring
assembly 360 is not illustrated in FIG. 74A. Holder 7124 retention element 7442b and thus allow the expansion
comprises spring retention elements 7442a, 7442b con- of second spring 7128. In some embodiments, the
figured to contact and retain a first end of second spring amount of force is at least 0.1 pounds. In some embod-
7128 in the pre-activated state, e.g., during insertion, 50 iments, the amount of force is at least 0.5 pounds. In
while a second end of spring 7128 is in contact with nee- some embodiments, the amount of force is at least 1
dle carrier assembly 7108. Spring retention elements pound. In some embodiments, the amount of force is at
7442a, 7442b may comprise, e.g., arms, deflection ele- least 2 pounds. In some embodiments, the amount of
ment, tabs, detents, snaps or any other features capable force is at least 3 pounds. In some embodiments, the
of a retaining function. Although two spring retention el- 55 amount of force is at least 4 pounds. In some embodi-
ements 7442a, 7442b are shown, at least one spring re- ments, the amount of force is at least 5 pounds.

tention element is contemplated. In some embodiments, [0272] Although the figure shows backstop feature
applicator 7100 may include one spring retention ele- 7444b preventing lateral deflection of spring retention el-
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ement 7442b in a radially outward direction, itis contem-
plated that an inverse structural relationship can be
achieved. For instance, the ramped surface of spring re-
tention element 7442b can be reversed to face the op-

figured to contact spring retention element 7442b and
maintain spring retention element 7442b in a laterally de-
flected orientation once second spring 7128 has initially
deflected spring retention element 7442b and sufficiently

posite direction as shown in FIG. 75A. Further, the 5 driven needle carrier assembly 7108 in the proximal di-
ramped surface of spring retention element 7442b may rection, as will be shown in more detail in FIG. 75B. De-
be biased in a radially inward direction by second spring flecting element 7522 may prevent spring retention ele-
7128 against backstop feature 7444b. In such embodi- ment 7442b from contacting the windings of second
ments, backstop feature 7444b may be located radially spring 7128 while second spring 7128 is extending,
inward of spring retention element 7442b. 10 smoothing the operation of applicator 7100 and prevent-
[0273] Accordingly, in some embodiments, materials ing energy released by second spring 7128 and designed
utilized to form holder 7124 and needle carrier assembly for driving needle carrier assembly 7128 in the proximal
7108 may be selected based on a desired amount of direction from being absorbed by undesired contact with
force torelease spring retention element 7442b for lateral spring retention element 7442b during the release of sec-
deflection. Examples of such materials may include Poly- 75 ond spring 7128.
carbonate, ABS, PC/ABS, Polypropylene, HIPS (High [0277] Insome embodiments, the angle 0 of the portion
impact polystyrene), Polybutylene Terephthalate (PBT), of spring retention element 7442b in contact with second
Polyoxymethylene (POM), Acetal, polyacetal, polyfor- spring 7128 may be substantially 90° (e.g., flat) and de-
maldehyde, PTFE, High density polyethylene (HDPE), flecting element 7522 may have a ramped or angled sur-
Nylon, Polyethylene terephthalate (PET), Thermoplastic 20 face in contact with spring retention element 7442b in
elastomer (TPE), Thermoplastic polyurethane (TPU), the position illustrated in FIG. 75A. In such embodiments,
TPSiv, Cyclo olefin polymer (COP), Cyclo olefin copoly- deflecting element 7522, in addition to the above-de-
mer (COC), and/or Liquid-crystal polymer (LCP). scribed functionality, may be configured to initially deflect
[0274] An angle 6 of a portion of spring retention ele- spring retention element 7442b as first spring 7112 drives
ment 7442b in contact with second spring 7128 may also 25 holder 7124 from the position illustrated in FIG. 75A to
affect the amount of frictional force to laterally deflect the position illustrated in FIG. 75B.
spring retention element 7442b and so to release second [0278] Insomeembodiments, innerhousing 7102 may
spring 7128. Accordingly, the angle 6 may be selected comprise a protrusion 7546 extending from inner housing
based on a desired amount of force to laterally deflect 7102 in the distal direction. Protrusion 7546 may be con-
spring retention element 7442b sufficiently to release 30 figured to contact at least one of spring retention ele-
second spring 7128. In some embodiments, the angle 6 ments 7442a, 7442b and backstop features 7444a,
is at least 1 degree with respect to a vertical axis of the 7444b in the pre-activation state such that spring reten-
spring retention element 7442b. In some embodiments, tion elements 7442a, 7442b are prevented from laterally
the angle 0 is at least 5 degrees. In some embodiments, deflecting until holder 7124 and needle carrier assembly
the angle 0 is atleast 10 degrees. In some embodiments, 35 7108 have translated at least a predetermined minimum
the angle 0 is atleast 15 degrees. In some embodiments, distance in the distal direction. Accordingly, protrusion
the angle 0 is atleast 20 degrees. In some embodiments, 7546 may provide a measure of drop protection such that
the angle 6 is about 30 to 45 degrees. In addition, the applicator 7100 may not prematurely fire in response to
force profile of second spring 7128 may affect a target a concussive shock from being dropped before intention-
amount of frictional force to laterally deflect spring reten- 40 al activation.
tion element 7442b. Accordingly, in some embodiments, [0279] Turning back to FIG. 74A, inner housing 7102
the force profile of second spring 7128 may be taken into may further comprise an engagement element 7448 con-
account when selecting one or both of the materials for figured to engage with a protrusion 7449 of needle carrier
forming holder 7124 and needle carrier assembly 7108 assembly 7108 upon needle carrier assembly 7108
and the angle 6 of the portion of spring retention element 45 translating in the distal direction beyond a predetermined
7442b in contact with second spring 7128. threshold, thereby preventing needle carrier assembly
[0275] An angle B of spring retention element 7442b 7108 from translating in the distal direction beyond the
with respect to a vertical axis may also affect the amount predetermined threshold. Itis contemplated that this may
of frictional force to laterally deflect spring retention ele- ensure needle carrier assembly retraction in the event of
ment 7442b and so to release second spring 7128. By 50 an air firing or dry firing in which applicator 7100 is some-
contacting spring retention element 7442b, second how activated when not held against the skin of the host.
spring 7128 may exert a force on spring retention element In some embodiments, the predetermined threshold may
7442b at a distance d from a bottom of spring retention correspond to the distal end of needle carrier assembly
element 7442b that causes a torque moment sufficient 7108 extending beyond a point proximal to the distal end
to induce a lateral deflection of spring retention element 55 of inner housing 7102, to a point substantially in line with
7442b. the distal end of inner housing 7102 or to a point distal
[0276] FIG. 75A further illustrates needle carrier as- of the distal end of inner housing 7102. In some embod-
sembly 7108 comprising a deflecting element 7522 con- iments, engagement element 7448 comprises a hook, a
4
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U-shaped structure, a loop, a protrusion, or any other
structure capable of engaging with protrusion 7449 as
described above.

element 7522 in contact with spring retention element
7444b deflects spring retention element 7442b sufficient-
ly to release second spring 7128, which drives needle

[0280] FIG. 74B illustrates applicator 7100 after acti- carrier assembly 7108 in the proximal direction.
vation, ata beginning of aforce retraction feature process 5 [0282] In some embodiments, engagement element
at or near the distal insertion position where on-skin sen- 7448 may engage protrusion 7449 even when applicator
sor assembly 360 may be in contact with the skin of the 7100 is pressed against the skin of a user. In such em-
host. First spring 7112 has driven holder 7124, needle bodiments, engagement element 7448 engages protru-
carrier assembly 7108, needle hub 7150, insertion ele- sion 7449 as first spring 7112 drives holder 7124, needle
ment, and on-skin sensor assembly 360, in the distal di- 70 carrier assembly 7108, and on-skin sensor assembly 360
rection toward the distal insertion position. During proper against the skin of the host. As explained above, engage-
operation, holder 7124 and on-skin sensor assembly 360 ment element 7448 prevents needle carrier assembly
should be pressing against the skin of the host. However, 7108 from moving distally when engagement element
FIG. 74B may also illustrate a dry fire condition, where 7448 engages protrusion 7449. This allows spring reten-
applicator 7100 is not properly pressed against the skin 75 tion elements 7442a, 7442b to separate away from back-
ofthe host before triggering applicator 7100. Accordingly, stop features 7444a, 7444b and allow for release of sec-
upon first spring 7112 driving holder 7124 and needle ond spring 7128. The engagement of engagement ele-
carrier assembly 7108 in the distal direction beyond the ment 7448 and protrusion 7449 may add additional force
predetermined threshold, engagement element 7448 to the counter force provided by the skin, thus increasing
contacts protrusion 7449, which prevents needle carrier 20 the energy needed to overcome the frictional engage-
assembly 7108 from traveling further in the distal direc- ment of spring retention elements 7442a, 7442b and
tion, while holder 7124 is driven sufficiently further in the backstop features 7444a, 7444b. In some instances, the
distal direction such thatbackstop features 7444a, 7444b engagement of engagement element 7448 and protru-
of needle carrier assembly 7108 no longer contact spring sion 7449 provides an immediate impulse force that con-
retention elements 7442a, 7442b in the distal insertion 25 verts atleastsome of theinitial energy of first spring 7112
position, thereby releasing the first end of second spring into energy needed to overcome the frictional engage-
7128 and initiating retraction even when applicator 7100 ment of spring retention elements 7442a, 7442b and
is dry fired. The insertion force provided by first spring backstop features 7444a, 7444b. It is contemplated that
7112 may be sufficient to additionally overcome the fric- such embodiments may benefit users with soft skin or
tional force between corresponding contacting surfaces 30 higher body fat percentage.
of backstop feature 7444b and spring retention element [0283] Turning back to FIG. 74C, which illustrates ap-
7442b. plicator 7100 during activation, needle carrier assembly
[0281] TurningtoFIG. 75B, firstspring 7112 hasdriven 7108 is retracted in the proximal direction by second
holder 7124, needle carrier assembly 7108 and on-skin spring 7128, as indicated by arrow 7402. In FIG. 74C,
sensor assembly 360 in the distal direction to the skin of 35 with backstop features 7444a, 7444b no longer immobi-
the host. As first spring 7112 drives holder 7124, needle lizing spring retention elements 7442a, 7442b, first end
carrier assembly 7108 and on-skin sensor assembly 360 of second spring 7128 pushes against spring retention
against the skin of the host, the skin provides a counter elements 7442a, 7442b with sufficient force to deflect
force to the force generated by first spring 7112. The skin spring retention elements 7442a, 7442b in the distal in-
may oppose the force of first spring 7112 and bias against 40  sertion position when on-skin sensor assembly 360 is in
the distal end of on-skin sensor assembly 360. Because contact with skin 130 of the host, allowing second spring
the distal end of holder 7124 is offset from the distal end 7128 to clear spring retention elements 7442a, 7442b
of on-skin sensor assembly 360 as shown in FIG. 75A, and drive needle carrier assembly 7108 in the proximal
the counter force provided by the skin is transferred to direction, thereby maintaining needle carrier assembly
holder 7124 as first spring 7112 continues to drive holder 45 7108, needle hub 7150 (see FIGs. 73A-73C) and inser-
7124 towards the skin while on-skin sensor assembly tion element 7174 (see FIGs. 73A-73C) in a locked, re-
360 is pressed against the skin. The counter force pro- tracted position even in the event of a dry fire.
vided by the skin allows spring retention element 7442b [0284] FIGs. 76A and 76B illustrate magnified views
to displace past backstop feature 7444b. Once spring of some features of an applicator, such as applicator
retention element 7442b has cleared distance o past 50 7100, according to some embodiments.
backstop feature 7444b, second spring 7128 can laterally [0285] In FIG. 76A, first spring 7112 (see FIGs.
deflect spring retention element 7442b, thereby releasing 72-74C) is driving holder 7124, as well as the needle
second spring 7128, which drives needle carrier assem- carrier assembly and on-skin sensor assembly 360 in the
bly 7108 in the proximal direction. Alternatively, as de- distal direction, illustrated by arrow 7602, toward the dis-
scribed above in connection with FIG. 75A, where the 55 tal insertion position. Retention element 7372b of the
angle 0 of the portion of spring retention element 7442b needle carrier assembly is releasably coupled to on-skin
in contact with second spring 7128 is substantially 90° sensor assembly 360. As illustrated, during insertion and
(e.g., flat), the ramped or angled surface of deflecting near the distal inserted position, holder 7124 is in contact
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with spring retention element 7372b, preventing spring
retention element 7372b from deflecting laterally and
thereby rigidly securing on-skin sensor assembly 360 to
the needle carrier assembly.

retention element 7442a, 7442b can be wedges config-
ured to drag within grooves 7446a, 7446b. In some em-
bodiments, applicator 7100 may include as many
grooves 7446 as backstop features 7444.

[0286] In FIG. 76B, second spring 7128 (see FIGs. &5 [0288] FIG.77 illustrates aperspective partial cutaway
72-74C) is driving needle carrier assembly 7108 in the view of needle carrier assembly 7108, needle hub 7150,
proximal direction from the distal insertion position. Be- and on-skin sensor assembly 360 of applicator 7100 of
cause holder 7124 has been driven sufficiently in the dis- FIGs 71 and 72, according to some embodiments. FIG.
tal direction, at the distal insertion position, holder 7124 78 illustrates a cross-sectional view of needle hub 7150
is no longer in contact with wearable retention element 70 and on-skin sensor assembly 360, according to some
7372b. Accordingly, wearable retention element 7372b embodiments. FIG. 79 illustrates a top view of a portion
is free to deflect laterally, thereby releasing on-skin sen- of needle carrier assembly 7108 and needle hub 7150,
sor assembly 360 from wearable retention element according to some embodiments. The following is a de-
7372b and thus from the needle carrier assembly 7108. scription of these features with reference to FIGS. 77-79.
Needle carrier assembly 7108 is now driven in the prox- 75 [0289] On-skin sensor assembly 360 comprises sen-
imal direction by second spring 7128, while on-skin sen- sor assembly aperture 396. Hub 7150 is configured to
sorassembly 360 is secured to the skin of the host. More- coupleinsertion element 7174 to needle carrierassembly
over, insome embodiments, because holder 7124 is driv- 7108 and to substantially maintain a desired orientation
en to the distal inserted position and substantially held of insertion element 7174 during insertion of the sensor
in that position by first spring 7112, holder 7124 may 20 of on-skin sensor assembly 360 into the skin of the host.
press against one or both of on-skin sensor assembly [0290] Needle hub 7150 comprises a plurality of upper
360 or an adhesive patch of on-skin sensor assembly arms 7156a, 7156b, a plurality of lower arms 7154a,
360, supporting one or both during attachment to the skin 7154b, and a base 7152. Although two upper arms and
of the host. two lower arms are illustrated, any number of arms, in-
[0287] FIG.90illustrates a magnified view of somefea- 25 cluding a single upper and lower arm, are contemplated.
tures of the applicator of FIGs. 71 and 72, according to In some embodiments, upper arms 7156a, 7156b and
some embodiments. As shown, applicator 7100 is in a lowerarms 7154a, 7154b may be flexible such that, when
pre-activation state. In this state, spring retention ele- needle hub 7150 is coupled to needle carrier assembly
ments 7442a, 7442b may be retained against backstop 7108, upper arms 7156a, 7156b and lower arms 7154a,
features 7444a, 7444b. Second spring 7128 may be bi- 30 7154b secure needle hub 7150 in a desired orientation
asing spring retention elements 7442a, 7442b against with respect to needle carrier assembly 7108. For exam-
backstop features 7444a, 7444b. As described above, ple, upper arms 7156a, 7156b may be configured to flex
sufficient force is needed to deflect spring retention ele- radially inward, such that when disposed through a car-
ments 7442a, 7442b past backstop features 7444a, rieraperture 7712 in needle carrierassembly 7108, upper
7444b. The sufficient force may be determined oratleast 35 arms 7156a, 7156b are in contact with an upper surface
partly determined by the frictional force between spring of needle carrier assembly 7108 adjacent to carrier ap-
retention elements 7442a, 7442b and backstop features erture 7712 and lower arms 7154a, 7154b are in contact
7444a, 7444b. It may be appreciated that backstop fea- with a lower surface of needle carrier assembly 7108
tures 7444a and 7444b may feature a groove 7446a and adjacent to carrier aperture 7712. Such an arrangement
a groove 7446b, respectively, to engage with spring re- 40 allows a compliant fit between needle carrier assembly
tention elements 7442a, 7442b. Grooves 7446a, 7446b 7108 and needle hub 7150 where lower arms 7154a,
may increase a drag force between spring retention el- 7154b deflect to allow upper arms 7156a, 7156b to ex-
ements 7442a, 7442b and backstop features 7444a, pand after clearing surface of carrier aperture 7712. The
7444b. In such embodiments, grooves 7446a, 7446b can lower arms 7154a, 7154b can partially or fully relax to
increase the force required to deflect spring retention el- 45 bias the needle hub in a distal direction and decrease
ements 7442a, 7442b from backstop features 7444a, the clearance between the needle hub and the needle
7444b while the materials of spring retention elements carrier that would otherwise exist with a non-compliant
7442a, 7442b and/or backstop features 7444a, 7444b fit. In addition, upper arms 7156a, 7156b and lower arms
have low or lower coefficient of friction. Further, grooves 7154a, 7154b also help to maintain contact between
7446a, 7446b can increase the force required to deflect 50 base 7152 and a top surface of on-skin sensor assembly
spring retention elements 7442a, 7442b from backstop 360.

features 7444a, 7444b while second spring 7128 has a [0291] Base 7152 comprises an anti-rotation feature.
small or smaller diameter or has a low or lower spring The anti-rotation feature may comprise a key having a
constant. In some embodiments, grooves 7446a, 7446b shape complementary to at least a portion of sensor as-
may each feature a concave channel. The concave 55 semblyaperture 396 of on-skin sensorassembly 360 and
shape of the channel may feature angled surfaces con- may be configured to substantially prevent needle hub
figured to drag against multiple edges of spring retention 7150 from rotating about an axis 7702 parallel to insertion
elements 7442a, 7442b. In such embodiments, spring element 7174 with respect to on-skin sensor assembly
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360, e.g., to prevent rotation of base 7152 within sensor
assembly aperture 396. In addition, or the alternative,
the upper surface of needle carrier assembly 7108 adja-
cent to carrier aperture 7712 may comprise a groove
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present, first barrier layer 7192may be affixed to inner
housing 7102. Insertion element 7174 may be coupled
to needle hub 7150, which may then be coupled to on-
skin sensor assembly 360. Second spring 7128 may be

7910 configured to accept upper arms 7156a, 7156b 5 placed into holder 7124 or needle carrier assembly 7108
when upper arms 7156a, 7156b are disposed through and then needle carrier assembly 7108 may be disposed
carrier aperture 7712 in an orientation complementary to into holder 7124 and attached to needle hub 7150 and
an orientation of groove 7910, as illustrated in FIG. 79, to on-skin sensor assembly 360 via wearable retention
thereby immobilizing needle hub 7150 with respect to elements 7372a, 7372b. First spring 7112 may be dis-
needle carrier assembly 7108. 10 posed in holder 7124, which may then be installed into
[0292] In some embodiments, base 7152 further com- inner housing 7102. Inner housing 7102 may be inserted
prises a substantially flat surface configured to mate with into and secured to outer housing 7102. If present, sec-
a top surface of on-skin sensor assembly 360 and main- ond barrier layer 7194 may be affixed to inner housing
tain insertion element 7174 in a substantially perpendic- 7102. Ifa separate element, activation element 7104 may
ular orientation to the top surface of on-skin sensor as- 75 then be disposed into outer housing 7101. Any labeling,
sembly 360, in some cases, when the anti-rotation fea- sterilizing and/or packaging may then be applied to ap-
ture of base 7152 is engaged within sensor assembly plicator 7100.
aperture 396 of on-skin sensor assembly 360. [0297] FIGS.81A-81C illustrate several cross-section-
[0293] Based at least upon the above-described fea- al views, and various features and operating positions,
tures of needle hub 7150, on-skin sensor assembly 360, 20 of yet another applicator 8100 for an on-skin sensor as-
and/or needle carrier assembly 7108, base 7152 allows sembly of an analyte sensor system, according to some
easy assembly during manufacture, including but not lim- embodiments.
ited to proper alignment and preassembly of insertion [0298] Applicator 8100 may include outer applicator
element 7174 onto on-skin sensor assembly 360, and/or housing 7101 comprising activation element 7104. Outer
the ability to easily engage an assembly of needle hub 25 applicator housing 7101 may be configured to translate
7150, insertion element 7174, sensor 338 and on-skin in a distal direction under force applied by a host of ap-
sensor assembly 360 to other portions of assembled ap- plicator 8100, thereby aligning activation element 7104
plicator 7100. in a position that allows applicator 8100 to fire, an align-
[0294] FIGs. 80A and 80B illustrate perspective views ment illustrated by FIG. 81A. As previously described in
of locking features for needles 8074a, 8074b for use in 30 connection with applicator 7100, in some embodiments,
an applicator for an analyte sensor system, according to activation element 7104 may be disposed in any location,
some embodiments. For example, needle 8074a of FIG. e.g., a top, upper side, lower side, or any other location
80A comprises alocking feature comprising aridge 8076 of applicator 8100.
configured to mate with a complementary-shaped fea- [0299] Applicator 8100 further comprises inner hous-
ture within needle hub 7150, for example. In the alterna- 35 ing 7102, configured to house one or more mechanisms
tive, needle 8074b of FIG. 80B comprises a locking fea- utilized to apply on-skin sensor assembly 360 to skin of
ture comprising a groove 8078 configured to mate with a host. Distal surface 7130 of a bottom opening of inner
a complementary-shaped feature within needle hub housing 7102 may define a bottom surface of applicator
7150, for example. 8100. In some embodiments, upon pressing applicator
[0295] Inyetanotheralternative, anyinsertionelement 40 8100 against the skin of the host, the skin may deform
described in this disclosure may comprise a locking fea- in a substantially convex shape at distal surface 7130
ture that heat stakes the selected insertion element to such that at least a portion of a surface of the skin dis-
needle hub 7150, for example. In yet another alternative, posed at the bottom opening of applicator housing 7102
any insertion element described in this disclosure may extends into the bottom opening of inner housing 7102,
comprise a locking feature comprising one or more fric- 45 in a proximal direction, beyond a plane defined by distal
tion-fit or snap-fit elements securing the selected inser- surface 7130.
tion element to needle hub 7150, for example. In yet an- [0300] Although notillustrated in FIGs. 81A-81C, inner
other alternative, any insertion element described in this housing 7102 may comprise a spring 7320 configured to
disclosure may comprise a locking feature comprising contact outer housing 7101 and maintain a predeter-
complementary clamshell elements on the selected in- 50 mined spacing between outer housing 7101 and inner
sertion element and needle hub 7150, for example, con- housing 7102 in the pre-activation orientation (see FIG.
figured to mate with one another. In yet another alterna- 73A). Spring 7320 may be a compression spring, leaf
tive, any insertion element described in this disclosure spring, flex arm spring, a piece of foam or rubber, etc. In
may comprise a locking element comprising one or more some other embodiments, outer housing 7101 may com-
inserted molded elements configured to couple the se- 55 prise spring 7320 and spring 7320 may be configured to
lected insertion elementto needle hub 7150, forexample. contact inner housing 7102.
[0296] During manufacture, applicator 7100 may be [0301] Applicator 8100 may further comprise a needle
assembled in stages. For example, and not limitation, if carrier assembly 8108. Needle carrier assembly 8108
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comprises wearable retention and/or alignmentelements
7372a, 7372b configured to pass through holder 8124
and releasably couple on-skin sensor assembly 360 to
holder 8124 and/or to needle carrier assembly 8108. Al-

include a second spring 8128. Second spring 8128 may
be a compression spring, or any suitable type of spring,
and may have a first end contacting or coupled to holder
8124 and a second end, comprising a tang 8129 (e.g., a

though two wearable retention and/or alignment ele- 5  springportion orspring end) disposed substantially along
ments are illustrated, any number of wearable retention a diameter of second spring 8128, in contact with or cou-
and/or alignment elements are contemplated. pled to a spring retention element 8142 of holder 8124,
[0302] Applicator 8100 further comprises needle hub at least until retraction. Spring retention element 8142
7150 configured to couple insertion element 7174 to nee- may comprise, e.g., an arm, a deflection element, a tab,
dle carrierassembly 8108. Insertion element7174iscon- 70 adetent, a snap or any other feature capable of a retain-
figured to insert sensor 338 of on-skin sensor assembly ing function. Spring retention element 8142 may have
360 into skin 130 of the host (e.g., FIGs. 3A-4). In some substantially the same form and function as spring reten-
embodiments, insertion element 7174 comprises a nee- tion elements 7442a, 7442b of applicator 7100 except
dle, for example, an open sided-needle, a needle with a as described below. Second spring 8128 is configured
deflected-tip, a curved needle, a polymer-coated needle, 75 to translate needle carrier assembly 8108, needle hub
a hypodermic needle, or any other suitable type of needle 7150, and insertion element 7174 in the proximal direc-
or structure, as described in connection with at least tion from the distal insertion position to the proximal re-
FIGs. 47-50 and 80A-B. In yet other embodiments, in- tracted position. Tang 8129 of second spring 8128 is re-
sertion element 7174 may be integrally formed with sen- leased from spring retention element 8142 in the distal
sor 338, in which insertion element 7174 may be suffi- 20 insertion position when spring retention element 8142 is
ciently rigid to be inserted partially into skin 130 of the not backed up by backstop element 8144 andinresponse
host with minimal or no structural support. to tang 8129 of second spring 8128 pushing against
[0303] Applicator 8100 may further include holder spring retention element 8142 with a force exceeding a
8124 releasably coupled to needle carrierassembly 8108 predetermined threshold sufficient to overcome and de-
and configured to guide on-skin sensor assembly 360 25 flect spring retention element 8142.
while coupled to needle carrier assembly 8108, e.g., at [0306] In some embodiments, transfer of on-skin sen-
leastduring translation from a proximal position to a distal sor assembly 360 between insertion and retraction may
insertion position. As previously described in connection occur as previously described in connection with, for ex-
with applicator 7100, on-skin sensor assembly 360 may ample, any of FIGs. 35A-37C.
be stripped or released from holder 8124 and/or needle 30 [0307] Needle carrier assembly 8108 further compris-
carrier assembly 8108 once on-skin sensor assembly es a backstop feature 8144, configured to prevent lateral
360 is disposed on the skin of the host. motion of spring retention element 8142 of holder 8124
[0304] Applicator 8100 may further comprise an inser- in at least the proximal pre-activation position, thereby
tion assembly configured to translate insertion element supporting retention of second spring 8128 between
7174, needle hub 7150, and needle carrier assembly 35 spring retention element 8142 and holder 8124 until re-
8108 from a proximal position, in the distal direction, to traction. In the orientation shown in FIG. 81A, second
a distal insertion position. Such an insertion assembly spring 8128 is exerting a force against spring retention
may include first spring 7112. First spring 7112 may be element 8142 but backstop feature 8144 prevents lateral
a compression spring, or any suitable type of spring, and deflection of retention element 8142.
may have its first end in contact with or coupled to inner 40 [0308] Holder 8124 further comprises needle carrier
applicator housing 7102 and its second end in contact retention element 7334, which may comprise a deflecta-
with or coupled to holder 8124. First spring 7112 is con- ble arm, rigid arm, deformable feature, snap, catch, or
figured to, upon activation of the insertion assembly, hook. Upon needle carrier assembly 8108 reaching the
translate holder 8124, needle carrier assembly 8108, proximal retraction position after activation, needle car-
needle hub 7150, insertion element 7174 and on-skin 45 rier retention element 7334 is configured to engage with
sensor assembly 360, in the distal direction to the distal needle carrier assembly 8108, thereby maintaining nee-
insertion position. Substantially at the distal insertion po- dle carrierassembly 8108, needle hub 7150 andinsertion
sition, needle carrier assembly 8108 may decouple from element 7174 in a locked, retracted position, limiting ac-
holder 8124 and on-skin sensor assembly 360. cess to insertion element 7174.
[0305] Applicator 8100 may further comprise a retrac- 50 [0309] Although notillustratedin FIGs. 81A-81C, inner
tion assembly configured to translate needle carrier as- housing 7102 of applicator 8100 may further comprise
sembly 8108, needle hub 7150 and insertion element engagement element 7448 and needle carrier assembly
7174, in the proximal direction, from the distal insertion 8108 may further comprise protrusion 7449 and may
position to a proximal retracted position. In some embod- function substantially as previously described in connec-
iments the initial proximal position may be the same as 55 tion with at least FIGs. 74A-74C.
the proximal retracted position. In other embodiments, [0310] Although notillustratedin FIGs. 81A-81C, inner
theinitial proximal position may be different from the prox- housing 7102 of applicator 8100 may further comprise a
imal retracted position. Such a retraction assembly may protrusion extending from inner housing 7102 in the distal
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direction, substantially as previously described protru-
sion 7546. Similar to that previously described in con-
nection with FIG. 75A, this protrusion may be configured
to contact at least one of spring retention element 8142

[0316] Activation of applicator 8100 may include a host
pressing applicator 8100 against their skin with sufficient
force to translate outer housing 7101 in a distal direction
toward and with respect to inner housing 7102 until ac-

and backstop feature 8144 in the pre-activation state 5 tivation element 7104 is aligned with insertion assembly
such that spring retention element 8142 is prevented retention element 7332 of holder 8124, as shown in FIG.
from laterally deflecting until holder 8124 and needle car- 81A. Once such an alignment is achieved, a host may
rier assembly 8108 have translated at least a predeter- initiate activation element 7104, thereby deflecting inser-
mined minimum distance in the distal direction. Accord- tion assembly retention element 7332 sufficiently to re-
ingly, the protrusion may provide a measure of drop pro- 70 lease holder 8124 frominner housing 7102.In some other
tection such that applicator 8100 may not prematurely embodiments, applicator 8100 may be configured such
fire in response to a concussive shock from being that activation element 7104 may be activated first, but
dropped before activation. that actual insertion is not triggered until outer housing
[0311] Applicator 8100 functions substantially similarly 7101 istranslated sufficiently in the distal direction toward
to applicator 7100 with the exception that instead of uti- 75 and with respect to inner housing 7102. In yet other em-
lizing spring retention elements 7442a, 7442b, which are bodiments, activation element 7104 may be biased to-
disposed along an outside of second coil 7128 and are ward a center of applicator 8100 such that activation el-
configured to contact and retain a coil of second spring ement 7104 need not be explicitly activated by the host
7128, applicator 8100 utilizes spring retention element but, instead, activation element 7104 may be configured
8142, which is disposed along an inside of second spring 20 to automatically initiate insertion upon outer housing
8128 and is configured to contact and retain tang 8129 7101 being translated sufficiently in the distal direction
of second spring 8128 along a diameter of second spring toward and with respect to inner housing 7102.
8128. Disposing spring retention element 8142 within [0317] FIG. 81B illustrates applicator 8100 after acti-
and substantially along a center of second spring 8128, vation and during insertion, according to some embodi-
as opposed to along an outside of second spring 8128, 25 ments. Firstspring 7112 drives holder 8124, and so nee-
further ensures that spring retention element 8142 does dle carrier assembly 8108, needle hub 7150, insertion
not contact the coils of second spring 8128 as second element 7174, and on-skin sensor assembly 360, in the
spring 8128 extends during retraction, thereby smooth- distal direction toward the distal insertion position. FIG.
ing the operation of applicator 8100. In addition, the ar- 81B illustrates on-skin sensor assembly 360 in contact
rangement including spring retention element 8142, as 30 with skin 130 of the host but where holder 8124 is not yet
opposed to spring retention elements 7442a, 7442b mit- fully driven, by first spring 7112, into contact with on-skin
igates the risk of, and difficulty ensuring that, multiple sensor assembly 360 or skin 130 of the host.
spring retention elements trigger or are overcome at sub- [0318] Insome embodiments, masses of each of hold-
stantially the same time. er 8124, needle carrier assembly 8108, needle hub 7150,
[0312] Although not shown in FIGs. 81A-81C,insome 35 insertion element 7174, and on-skin sensor assembly
embodiments, applicator 8100 may comprise a cap con- 360 may be specifically designed to reduce or substan-
figured to be secured to distal surface 7130 of inner hous- tially eliminate a tendency of needle carrier assembly
ing 7102, which may be removed before use. In some 8108, needle hub 7150, insertion element 7174, and on-
embodiments, such a cap may also function as a sterile skin sensor assembly 360 to detach from holder 8124
barrier, as previously described in U.S. Patent Applica- 40 while being driven in the distal direction during insertion.
tion No. 16/011527. In some embodiments, a force exerted by first spring
[0313] FIG. 81A illustrates a state of applicator 8100 7112 may further be selected to be sufficient for proper
prior to activation, according to some embodiments. operation of applicator 7100, while not so large as to fur-
Holder 8124, needle carrier assembly 8108, needle hub ther exacerbate such above-described inertially trig-
7150, insertion element 7174, on-skin sensor assembly 45 gered detachment. In some embodiments, a spring (not
360, first spring 7112 and second spring 7128 are all shown) may be configured to exert a force against a por-
shown in pre-activation positions. tion of needle carrier assembly 8108, for example in the
[0314] Retention element 7332 of holder 8124 is in distal direction, sufficient to prevent needle carrier as-
contact with inner housing 7102, thereby immobilizing sembly 7108 from inertially triggered detaching from
holder 8124, and therefore also needle carrier assembly 50 holder 8124 during insertion.
8108, needle hub 7150, insertion element 7174 and on- [0319] FIG. 81C illustrates applicator 8100 after acti-
skin sensor assembly 360, in the pre-activated state. vation and at or near the distal insertion position, accord-
[0315] Backstop feature 8144 of needle carrier assem- ing to some embodiments. First spring 7112 has driven
bly 8108 is in contact with and prevents spring retention holder 8124, needle carrier assembly 8108 and on-skin
element 8142 from deflecting laterally, thereby ensuring 55 sensor assembly 360 in the distal direction to the distal
spring retention element 8142 retains tang 8129 of sec- inserted position. Since first spring 7112 has driven hold-
ond spring 8128 in the loaded or pre-activation position er 8124 a short distance farther in the distal direction than
shown. needle carrier assembly 8108, backstop feature 8144 is
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no longer in contact with spring retention element 8142,
allowing second spring 8128 (e.g. tang 8129) to laterally
deflect spring retention element 8142, thereby releasing
second spring 8128, which drives needle carrier assem-
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7100, second barrier layers 7194 (see FIG. 72) may be
affixed to inner housing 7102. If a separate element, ac-
tivation element 7104 may then be disposed into outer
housing 7101. Any labeling, sterilizing and/or packaging

bly 8108 in the proximal direction. Alternatively, similar 5 may then be applied to applicator 8100.
to that described above in connection with applicator [0323] FIGs. 82A-82D illustrate several cutaway
7100 in FIG. 75A, where the angle 6 of the portion of views, and various features and operating positions, of
spring retention element 8142 in contact with tang 8129 yet another applicator 8200 for an on-skin sensor assem-
of second spring 7128 is substantially 90° (e.g., flat), bly of an analyte sensor system, according to some em-
spring retention element 8142 may be biased to auto- 70 bodiments. In contrast to applicators 7100 and 8100, ap-
matically deflect sufficiently to release second spring plicator 8200 utilizes a single spring for both insertion
7128 once backstop feature 8144 is no longer in contact and retraction of an insertion element 8274 for placing
with spring retention element 8142, thereby freeing sec- an associated sensor 338 and on-skin sensor assembly
ond spring 8128 to drive needle carrier assembly 8108 360.
in the proximal direction. Although not shown in FIGs. 75 [0324] Applicator 8200 comprises a housing 8202 and
81A-81C, inner housing 7102 may further comprise en- an activation element 8204 disposed on a top of appli-
gagementelement 7448 configured to engage with a pro- cator 8200. However, activation element 8204 may be
trusion 7449 of needle carrier assembly 8108, and to disposed on a side or any other location on applicator
function substantially as previously described in connec- 8200.
tion with at least FIGs. 74A-74C. In some embodiments, 20 [0325] Applicator 8200 may further comprise a needle
a stop feature (not shown) may be disposed at a bottom carrier assembly 8208. Needle carrier assembly 8208
of applicator 8100, e.g., on a distal portion of inner hous- comprises wearable retention and/oralignment elements
ing 7102. Such a stop feature may be configured to con- 8272a, 8272b configured to pass through holder 8224
tact one or more of on-skin sensor assembly 360, needle and releasably couple on-skin sensor assembly 360 to
carrier 8108, or holder 8124 in the distal insertion posi- 25 holder 8224 and/or to needle carrier assembly 8208. In
tion. some embodiments, wearable retention elements
[0320] Upon release of second spring 8128, second 8272a, 8272b may extend around rather than through
spring 8128 is configured to drive needle carrier assem- holder 8224. Wearable retention elements 8272a, 8272b
bly 8108, needle hub 7150 and insertion element 7174, may comprise, e.g., arms, deflection element, tabs, de-
in the proximal direction. Although notshownin FIG.81C, 30 tents, snaps or any other features capable of a retaining
as needle carrier assembly 8108 travels to the proximal function. Although two wearable retention and/or align-
retracted position, needle carrier retention element 7134 ment elements are illustrated, any number of wearable
may engage with needle carrier assembly 8108, thereby retention and/or alignment elements are contemplated.
retention needle carrierassembly 8108, needle hub 7150 Needle carrier assembly 8208 further comprises a pro-
and insertion element 7174, in a locked, retracted posi- 35 trusion 8266 configured to contact or hook a deployment
tion limiting access to insertion element 7174. sleeve 8206 during retraction, thereby causing needle
[0321] FIG. 81Dillustrates a perspective view of holder carrier assembly 8208 to translate in a proximal direction
8124, first spring 7112 and second spring 8128 of appli- during retraction, as will be described in more detail be-
cator 8100, according to some embodiments. FIG. 81D low.
illustrates spring retention element 8142, retention tang 40 [0326] Applicator 8200 further comprises an insertion
8129 of second spring 8128 in an orientation within ap- element 8274 configured to insert sensor 338 of on-skin
plicator 8100 before retraction. sensor assembly 360 into skin 130 of the host (e.g., FIG.
[0322] During manufacture, applicator 8100 maybe as- 1). In some embodiments, insertion element 8274 com-
sembled in stages. For example, and not limitation, if prises a needle, for example, an open sided-needle, a
present, as previously described in connection with ap- 45 needle with a deflected-tip, a curved needle, a polymer-
plicator 7100, first barrier layer 7192 (see FIG. 72) may coated needle, a hypodermic needle, or any other suit-
be affixed to inner housing 7102. Insertion element 7174 able type of needle or structure, as described in connec-
may be coupled to needle hub 7150, which may then be tion with at least FIGs. 47-50 and 80A-B. In yet other
coupled to on-skin sensor assembly 360. Second spring embodiments, insertion element 8274 may comprise
may be placed into holder 8124 or needle carrier assem- 50 sensor 338, sufficiently rigid to be inserted partially into
bly 8108 and then needle carrier assembly 8108 may be skin 130 of the host with minimal or no structural support.
disposed into holder 8124 and attached to needle hub [0327] Although not illustrated in FIGs. 82A-82D, in
7150 and to on-skin sensor assembly via wearable re- some embodiments, applicator 8200 may further com-
tention elements 7372a, 7372b. First spring 7112 may prise needle hub 7150, configured to couple insertion
be disposed in holder 8124, which may then be installed 55 element 8274 to needle carrier assembly 8208, as pre-
into inner housing 7102. Inner housing 7102 may be in- viously described in connection with at least FIGs. 77-79.
serted into and secured to outer housing 7102. If present, In some otherembodiments, insertion element 8274 may
as previously described in connection with applicator be directly coupled to needle carrier assembly 8208 as
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shown in FIGs. 82A-82D.

[0328] Applicator 8200 may further include holder
8224 releasably coupled to deployment sleeve 8206 via
holder retention elements 8232a, 8232b and to needle

92

sembly 360, needle carrier 8208, holder 8224 or deploy-
ment sleeve 8206 in the distal insertion position. Spring
8212 is configured to exert a force sufficient to deflect
deployment sleeve retention elements 8262a, 8262b of

carrierassembly 8208. Holder retention elements 8232a, 5 deployment sleeve 8206 when on-skin sensor assembly
8232b may comprise, e.g., arms, deflection elements, 360 is in contact with skin 130 of the host, thereby freeing
tabs, detents, snaps or any other features capable of a deployment sleeve retention elements 8262a, 8262b of
retaining function. Holder 8224 is configured to guide on- deployment sleeve 8206 from protrusions 8264a, 8264b
skin sensor assembly 360 while coupled to needle carrier of housing 8202 (see FIGs. 82C-82D), thereby allowing
assembly 8208 during insertion, e.g., at least during 70 spring 8212 to translate deployment sleeve 8206, and
translation from a proximal position to a distal insertion thus needle carrier assembly 8208 and insertion element
position. As previously described in connection with ap- 8274, in the proximal direction from the distal inserted
plicators 7100 and 8100, on-skin sensor assembly 360 position. Deployment sleeve retention elements 8262a,
may be stripped or released from holder 8224 and/or 8262b may comprise, e.g., arms, deflection elements,
needle carrier assembly 8208 once on-skin sensor as- 75 tabs, detents, snaps or any other features capable of a
sembly 360 is disposed on the skin of the host. retaining function.
[0329] Applicator 8200 may further comprise an inser- [0331] In some embodiments, transfer of on-skin sen-
tion assembly configured to translate holder 8224, inser- sor assembly 360 between insertion and retraction may
tion element 8274 and needle carrier assembly 8208, in occur as previously described in connection with any pri-
the distal direction, from a proximal position to a distal 20 or figure, for example, any of FIGs. 35A-37C.
insertion position. Such an insertion assembly may in- [0332] Such dual insertion/retraction operability of
clude a spring 8212. First spring 8212 may be a com- spring 8212 is possible because, during insertion, de-
pression spring, or any suitable type of spring, and may ployment sleeve 8206 is immobilized by deployment
have a first end in contact with or coupled to deployment sleeve retention elements 8262a, 8262b, being in contact
sleeve 8206 and a second end in contact with or coupled 25 with respective protrusions 8264a, 8264b of housing
to holder 8224. First spring 8212 is configured to, upon 8202. Thus, when spring 8212 exerts force between de-
activation of the insertion assembly, translate holder ployment sleeve 8206 and holder 8224, spring 8212
8224, needle carrier assembly 8208, insertion element drives holder 8224, and coupled needle carrier assembly
8274 and on-skin sensor assembly 360 in the distal di- 8208, insertion element 8274 and on-skin sensor assem-
rection to the distal insertion position. Substantially atthe 30 bly 360, in the distal direction to the distal deployed po-
distal insertion position, needle carrier assembly 8208 sition, where on-skin sensor assembly 360 is in contact
may decouple from holder 8224 and on-skin sensor as- with the skin 130 of the host. Once on-skin sensor as-
sembly 360. sembly 360 is in contact with the host, holder 8224 is
[0330] Applicator 8200 may further comprise a retrac- immobilized against on-skin sensor assembly 360, atrav-
tion assembly configured to translate needle carrier as- 35 el-limiting feature of applicator 8200, and/or the skin of
sembly 8208 and insertion element 8274, in the proximal the host. Accordingly, with holder 8224 immobilized, the
direction, from the distal insertion position to a proximal force exerted by spring 8212 between immobilized holder
retracted position. In some embodiments the initial prox- 8224 and deployment sleeve 8206 now acts to push de-
imal position may be the same as the proximal retracted ployment sleeve 8206 in the proximal direction with suf-
position. In other embodiments, the initial proximal posi- 40 ficient force to deflect deployment sleeve retention ele-
tion may be different from the proximal retracted position. ments 8262a, 8262b sufficiently to clear protrusions
Such a retraction assembly may also include spring 8264a, 8264b of housing 8202, thereby freeing deploy-
8212. First spring 8212 is also configured to translate ment sleeve 8206 to be driven further in the proximal
deployment sleeve 8206, needle carrier assembly 8208 direction by spring 8212. Since protrusion 8266 of needle
and insertion element 8274 in the proximal direction from 45 carrier assembly 8208 is configured to contact, couple
the distal insertion position to the proximal retracted po- or hook deployment sleeve 8206 as deployment sleeve
sition in response to on-skin sensor assembly 360 con- 8206 translates in the proximal direction, the action of
tacting skin 130 of the host and/or reaching a limit of spring 8212 translating deployment sleeve 8206 in the
travel with a force exceeding a predetermined threshold. proximal direction also translates needle carrier assem-
For example, although not illustrated, housing 8202 may 50 bly 8208, and coupled insertion element 8274, in the
further comprise engagement element 7448 configured proximal direction to the proximal retracted position. Po-
to engage with a protrusion 7449 of needle carrier as- sitions of the above-described features will now be dis-
sembly 8208, and to function substantially as previously cussed with respect to FIGs. 82A-82D.
described in connection with at least FIGs. 74A-74C. In [0333] Although notshown in FIGs. 82A-82D, in some
some embodiments, a stop feature (not shown) may be 55 embodiments, applicator 8200 may comprise a cap con-
disposed at a bottom of applicator 8200, e.g., on a distal figured to be secured to a distal surface of inner housing
portion of housing 8202. Such a stop feature may be 8202 or activation element 8204, which may be removed
configured to contact one or more of on-skin sensor as- before use. In some embodiments, this cap may create
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a sealed volume that provides a sterile barrier, as previ-
ously described in U.S. Patent Application No. 16/011
527.

scribed inertially triggered detachment. In some embod-
iments, a spring (not shown) may be configured to exert
a force, in the distal direction for example, against a por-

[0334] FIG. 82A illustrates a state of applicator 8200 tion of needle carrier assembly 8208 sufficient to prevent
prior to activation, according to some embodiments. Prior 5 needle carrier assembly 8208 from inertially triggered de-
to activation, holderretention elements 8232a, 8232b im- taching from holder 8224 during insertion.
mobilize holder 8224 to deployment sleeve 8206. Holder [0338] FIG. 82D illustrates a state of applicator 8200
retention elements 8232a, 8232b may comprise, e.g., after retraction, according to some embodiments. As il-
arms, deflection elements, tabs, detents, snaps or any lustrated, wearable retention elements 8272a, 8272b de-
other features capable of a retaining function. Needle 70 tach from on-skin sensor assembly 360 during retraction.
carrier assembly 8208 is coupled to holder 8224. Inser- First spring 8212 has translated deployment sleeve 8206
tion element 8274 is coupled to needle carrier assembly in the proximal direction. Because protrusion 8266 of
8208. And on-skin sensor assembly 360 is coupled to needle carrier assembly 8208 is configured to contact
needle carrier assembly 8208 via wearable retention el- deployment sleeve 8206 during retraction, as deploy-
ements 8272a, 8272b. The positions illustrated may cor- 75 ment sleeve 8206 is driven in the proximal direction, so
respond to the proximal position. is needle carrier assembly 8208 and insertion element
[0335] FIG. 82B illustrates a state of applicator 8200 8274.1n some embodiments, itis this proximal translation
atactivation, according to some embodiments. Activation that causes wearable retention elements 8272a, 8272b
element 8204 is shown as activated (e.g., pressed down) to detach from on-skin sensor assembly 360. Since
such that protrusions 8264a, 8264b translate in the distal 20 spring 8212 pushes holder 8224 in the distal direction
direction sufficiently to laterally deflect holder retention and deployment sleeve 8206, needle carrier assembly
elements 8232a, 8232b, thereby decoupling holder 8224 8208 and insertion element 8274 in the proximal direc-
from deployment sleeve 8206 and freeing spring 8212 tion, insertion element 8274 is locked, safely, in the sec-
to drive holder 8224, needle carrier assembly 8208, in- ond proximal retracted position.
sertion element 8274 and on-skin sensor assembly 360. 25 [0339] Although not shown in FIGs. 82A-82D, applica-
As in FIG. 82A, the illustrated positions of deployment tor 8200 may further comprise a displacement-based
sleeve 8206, holder 8224, needle carrier assembly 8208, lockout feature that prevents deployment sleeve 8206
insertion element 8274 and on-skin sensor assembly 360 from translating in the proximal direction, thereby pre-
may correspond to the initial proximal position. venting retraction, until holder 8224 has translated at
[0336] FIG. 82C illustrates a state of applicator 8200 30 least a predetermined distance in the distal direction.
at the end of insertion, according to some embodiments. Such a displacement-based lockout feature may operate
First spring 8212 has translated holder 8224, needle car- substantially as protrusions 7546, 8146 previously de-
rier assembly 8208, insertion element 8274 and on-skin scribed in connection with FIGs. 75A and 81A-81D. For
sensor assembly 360 in the distal direction to the distal example, such a protrusion may extend in the proximal
insertion position. On-skin sensorassembly 360isshown 35 direction from one or more of holder 8224 or needle car-
in contact with skin 130 of the host, insertion element rier assembly 8208 and may be configured to be in phys-
8274 isinserted into skin 130 of the host, and holder 8224 ical contact with deployment sleeve retention elements
is being pressed against on-skin sensor assembly 360 8262a, 8262b at least until holder 8224 or needle carrier
by spring 8212. In the illustrated positions, spring 8212 assembly 8208 has translated atleast the predetermined
is exerting a force on deployment sleeve 8206 sufficient 40 distance in the distal direction, thereby preventing inertial
to laterally deflect deployment sleeve retention elements (i.e., reaction force generated by the acceleration of
8262a, 8262b, thereby freeing deployment sleeve 8206 mass) or accidental activation of applicator 8200, for ex-
to be translated in the proximal direction by spring 8212. ample, due to concussive shock from dropping applicator
The illustrated positions of holder 8224, needle carrier 8200.
assembly 8208, insertion element 8274 and on-skinsen- 45 [0340] During manufacture, applicator 8200 may be
sor assembly 360 may correspond to the distal inserted assembled in stages. For example, and not limitation, if
position. present, first barrier layer 7192 or similar may be affixed
[0337] In some embodiments, masses of each of hold- to housing 8202. Insertion element 8274 may be coupled
er 8224, needle carrierassembly 8208, insertion element to needle hub 7150, if present, which may then be cou-
8274, and on-skin sensor assembly 360 may be specif- 50 pled to on-skin sensor assembly 360. If needle hub 7150
ically designed to reduce or substantially eliminate a ten- is not present, insertion element 8274 may be coupled
dency of needle carrierassembly 8208, insertion element directly to on-skin sensor assembly 360. Needle carrier
8274, and on-skin sensor assembly 360 to prematurely assembly 8208 may be at least partly disposed within
detach from holder 8224 while being driven in the distal deployment sleeve 8206 and spring 8212 may be placed
direction during insertion. In some embodiments, aforce 55 into holder 7124. Deployment sleeve 8206 and needle
exerted by spring 8212 may further be selected to be carrier assembly 7108 may be disposed into holder 7124
sufficient for proper operation of applicator 8200, while and attached to needle hub 7150, if present, or directly
not so large as to further exacerbate such above de- to insertion element 8274 if needle hub 7150 is not
49
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present, and to on-skin sensor assembly 360 via wear-
able retention elements 8272a, 8272b. The assembly in-
cluding holder 8224, deployment sleeve 8206 and needle
carrierassembly 8208 may then be installed into housing

In some embodiments, such a dome-shaped button may
comprise a deformable material, as previously described
in connection with FIG. 83 or, alternatively, may be suf-
ficiently rigid to hold its form when pressed or otherwise

8202. If present, second barrier layer 7194 or similarmay 5 utilized by the host.
be affixed to housing 8202. If a separate element, acti-
vation element 8204 may then be disposed into housing Insertion Element Embodiments
8202. Any labeling, sterilizing and/or packaging may then
be applied to applicator 8200. [0345] Several embodiments of an insertion element,
[0341] FIGs. 83-85 illustrate several alternatives for 70 as previously described herein, will now be described in
activation elements in an applicator. Such alternatives connection with at least FIGs. 47-50, in which the inser-
may be directly applied to any applicator described in this tion element is illustrated as being a needle.
disclosure, especially, though not in any way limited to, [0346] FIG. 47 illustrates a cross-sectional view of a
applicators 7100, 8100 and 8200 described above. kinked needle 4774 for use in an applicator for an analyte
[0342] FIG. 83 illustrates a cross-sectional view of an 75 sensor system, according to some embodiments. Kinked
applicator 8300 comprising a deformable layer 8305 dis- needle 4774 may have at least two substantially straight
posed over an activation element 8304, according to portions 4790, 4792 with a bend 4796 between each sub-
some embodiments. Although activation element 8304 stantially straight portion such that an angle 4796 be-
is shown on a side of an outer housing 8301, any other tween the substantially straight portions is substantially
suitable location for deformable layer 8305 and activation 20  optimized to reduce lateral motion of a tip of needle 4774
element 8304 is contemplated, e.g., a top, a high side, a through the skin of the host as needle 4774 traces an arc
low side of outer housing 8301. In some embodiments, during activation.
deformable layer 8305 may be molded over activation [0347] FIGs. 48A-48B illustrate a cross-section and a
element 8304. In some other embodiments, deformable plan view, respectively, of a flared open-sided needle
layer 8305 may be glued or welded over activation ele- 25 4874 for use in an applicator for an analyte sensor sys-
ment 8304, for example, utilizing ultrasonic, laser, radio tem, according to some embodiments. Although FIGs.
frequency, heat stake welding processes, or any other 48A-48B illustrate open-sided needle 4874 having a C-
suitable process. In some embodiments, deformable lay- shaped cross-section, the open-sided needle 4874 may
er 8305 may comprise a film, an elastomer, a plastic or have any shaped cross-section, e.g., a C-shape, a U-
any other material with sufficient deformability to allow 30 shape, a V-shape. FIG. 48A illustrates a cross-section
activation of activation element 8304 as well as to provide of an open-sided needle 4874 having at least one flared
an air and/or fluid-tight sealed surface over activation el- edge 4876. For example, flared edge 4876 may be flared
ement 8304. in alateral direction from alongitudinal centerline of open-
[0343] FIG. 84 illustrates a perspective view of an ap- sided needle 4874. Such a flared edge 4876 may prevent
plicator 8400 utilizing a twist-to-activate activation mech- 35 or substantially reduce the incidence of damage to sen-
anism, according to some embodiments. Applicator 8400 sor 138 (e.g., FIG. 1) caused by sharp edges of the open-
comprises an outer housing 8401 and an inner housing sided needle coming in contact with sensor 138 before
8402. In some embodiments, outer housing 8401 and or during insertion into the skin of a host.
inner housing 8402 may, together, comprise an activation [0348] FIG. 48B illustrates a plan view of open-sided
element in that applicator 8400 is activated by pushing 40 needle 4874. Open-sided needle 4874 is illustrated as
down on applicator 8400 with sufficient force to immobi- formed with an end opposite its tip having a needle skirt
lize inner housing 8402 against the skin of the host as 4878. Needle skirt 4878 may aid directing sensor 138
outer housing 8401 is twisted with respect to inner hous- into the needle lumen to assist with loading of sensor 138
ing 8402. Such a design ensures applicator 8400 is and/or reduce the opportunity for damage of sensor 138
pressed against the skin of the host with at least a min- 45 during use and/or loading.
imum force, which can be designed to a particular desired [0349] FIG. 49 illustrates a perspective view of a de-
threshold based on, for example, a predetermined flected-tip needle 4974 for use in an applicator for an
amount of force that ensures proper seating and orien- analyte sensor system, according to some embodiments.
tation of applicator 8400 for use, the friction coefficient Deflected-tip needle 4974 may comprise a substantially
between inner housing 8402 and the skin of the host, as 50 straight shaft having a substantially curved tip 4980, such
well as based on the twisting force to trigger applicator thatan angle of entry of deflected-tip needle 4974 is offset
8400. from the substantially straight shaft. Such an angle offset
[0344] FIG. 85 illustrates a cross-sectional view of an of the substantially curved tip 4980 may be particularly
applicator 8500 comprising a top-mounted activation el- useful for reducing tissue damage and insertion resist-
ement 8504, according to some embodiments. In some 55 ance for applicators such as applicator 2500, as previ-
embodiments, activation element 8504 may comprise ously described in connection with FIGs. 25-28H, that
any type of activation element described in this disclo- have an insertion path for the insertion element that is a
sure, including, but not limited to, a dome-shaped button. substantially curved path. The substantially curved tip
50
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4980 may steer deflected-tip needle 4974 in the direction
of the substantially curved insertion path, thereby reduc-
ing tissue damage caused by lateral movement of the
needle with respect to its direction of extension. FIG. 49

needle hub 5104, an insertion element 5174, a needle
guard 5102, a spring 5174, and a base 5130 of the ap-
plicator. First needle hub 5104 may be fixed to a portion
other than a tip ofinsertion element 5174. Second needle

illustrates a magnified view 4950 of the curved tip 4980. 5 hub 5102 may be configured to encapsulate the tip of
[0350] FIG. 50illustrates a curved needle 5074 for use insertion element 5174 and may comprise a material that
in an applicator for an analyte sensor system, according insertion element 5174 may pierce during deployment
to some embodiments. As shown, curved needle 5074 and/or may include an aperture or hole through which
has a profile that is substantially curvilinear. Such a cur- insertion element 5174 may pass. Spring 5106 is config-
vilinear profile may be particularly useful for reducing tis- 70 ured to keep a predetermined spacing between needle
sue damage and insertion resistance for applicators such hub 5104 and needle guard 5102 such that the tip of
asapplicator 2500, as previously described in connection insertion element 5174 is encapsulated by needle guard
with FIGs. 25-28H, that have an insertion path for the 5102 when the predetermined spacing is maintained.
insertion element that is a substantially curved path. The FIG. 51A illustrates a pre-activation position that may be
substantially curvilinear profile of needle 5074 may re- 75 returned to after activation, under a returning force pro-
duce tissue damage caused by lateral movement of the vided by spring 5106, compressed during deployment of
needle with respect to its direction of extension. In some insertion element 5174. In some embodiments, the
embodiments, the curvilinear profile of needle 5074 may spring can be integrated into needle hub 5104 or needle
substantially track or trace the insertion path for the ap- guard 5102.
plicator, thereby substantially eliminating, or at least 20 [0353] FIG. 51B illustrates needle hub 5104, insertion
greatly reducing, lateral movement of the needle with re- element 5174, needle guard 5102, spring 5174, and base
spect to the skin of the host. In some embodiments, sen- 5130 of the applicator in the distal, deployed position. As
sor 138 of on-skin sensor assembly 160 may have a cur- shown, insertion element 5174 has been driven through
vilinear profile also, thereby allowing sensor 138 to rest needle guard 5102 and through an opening in base 5130.
within a portion of curved needle 5074. In yet otherem- 25 Since needle hub 5104 is fixed to insertion element 5174,
bodiments, the insertion element, forexample a C-needle deployment of insertion element 5174 to the distal, de-
may have at least a portion coated with a polymer that ployed position closes the distance between needle hub
prevents damage to the tissue of the host and/or to the 5104 and needle guard 5102, thereby compressing
sensor wire. Such a polymer may include, but is not lim- spring 5106 (not shown in FIG. 51B). The energy stored
ited to, cyanoacrylate, epoxy, elastomeric polymers, ure- 30 in compressing spring 5106 is then utilized to force nee-
thanes or any other suitable polymer. dle guard 5102 substantially to its pre-activation position,
[0351] In some embodiments, at least a sensing por- thereby encapsulating the tip of insertion element 5174.
tion of sensor 138 may be coated with AgClI to improve It is contemplated that the features described in FIGs.
the reference capacity of sensor 138. However, AgCl is 51A-51B provide protection from needle stick hazards.
a catalyst for corroding the metal in the insertion element 35 [0354] FIGs. 52A-52B illustrate a cross-sectional view
(e.g., open-sided needle). Accordingly, an AgCI coating and a top plan view, respectively, of an infusion cannula
on sensor 138 that comes into contact with the insertion 5264 integrated into on-skin sensor assembly 160 of an
element may be undesirable. One method of decreasing analyte sensor system, according to some embodiments.
corrosion of sensor 138 and/or the insertion element is In FIG. 52A, on-skin sensor assembly 160 is illustrated
to selectively remove or substantially decrease the con- 40 as including sensor 138 and a fill port 5262 configured
tent of AgCl on at least a proximal end of sensor 138 to receive a fluid, gel, or medication (e.g., insulin) and
without substantially affecting the region of sensor 138 cannula 5264 configured to deliver the fluid or gel through
that is inserted into the skin of the host. This may be skin 130 of the host. In some embodiments, fill port 5262
accomplished by exposing the desired portion of sensor comprises a septum material that maintains a seal for
138 to a single frequency or multiple frequencies of ul- 45 the transcutaneous cannula and is capable of being
traviolet radiation for a predetermined length of time and pierced (e.g. by a hypodermic needle attached to a sy-
at a predetermined intensity. Such a process may be ringe) and allow for dosing the medication. This septum
performed at any time, for example, during the skiving or may be configured to self-seal after removal of the needle
singulation process. Another method of removing AgCl from the skin of the host. The infusion cannula and ana-
is to expose the desired portion of sensor 138 to anam- 50 lyte sensor may be inserted transcutaneously by the
monia (NH3) rinse at a desired concentration and for a same applicator device. Itis envisioned thata sharp (e.g.
desired length of time. needle) placed within the lumen of an infusion cannula
and placed in parallel with the insertion element (e.g.
Sharp Protection attached to needle carrier assembly such as 508) for an-
55 alyte sensors may be added to the analyte applicators
[0352] FIGs. 51A-51B illustrate cutaway views of a (e.g. applicator 500, 800, 900, 1000, etc.). In FIG. 52B,
needle hub of an applicator for an analyte sensor system, on-skin sensor assembly 160 is illustrated as including
according to some embodiments. FIG. 51A illustrates a an adhesive patch 5264 configured to adhere on-skin
51
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sensor assembly 160 to skin 130 of the host.

Sensor Retention Embodiments

100

5482 may be coupled to a liner of an adhesive patch of
on-skin sensor assembly 160 such that when the liner is
removed, in preparation for application of on-skin sensor
assembly 160, retention mechanism 5482 may be simul-

[0355] In some embodiments, an insertion element, 5 taneously removed.
such as an open-sided needle may be utilized to insert [0359] In some other embodiments, tab 5486 may be
at least a portion of a sensor wire into the skin of a host. disposed at such an angle that, rather than holding in-
However, such embodiments generally operate best sertion element 5474 and sensor 138 between tab 5486
when the sensor wire remains seated in a channel of the and another portion of retention mechanism 5482, inser-
open-sided needle before and during insertion. In addi- 70 tion element 5474 and sensor 138 are configured to
tion, if the open-sided needle does not retain the sensor pierce and pass at least partially through tab 5486 such
in the channel of the needle, the sensor may fail to deploy that sensor 138 is retained within a channel of insertion
into the tissue. Accordingly, FIGs. 53-59 illustrate several element 5474.
embodiments of applicators that include sensor retention [0360] FIG. 55 illustrates a cutaway view of another
features configured to retain the sensor wire within a 75 sensor retention element 5592 for an applicator 5500 for
channel of the insertion element at least before activation an analyte sensor system, according to some embodi-
of the applicator. Although particular applicators are ments. As shown, retention element 5592 may comprise
shown, these retention features may be incorporated into a pad comprising foam, an elastomer, or any other suit-
any applicator described by this disclosure. able material, and insertion element 5574 may be insert-
[0356] FIG. 53 illustrates a cross-sectional view of a 20 ed atleast partially into retention element 5592 such that
sensor retention mechanism for an applicator 5300 for sensor 138 (not shown in FIG. 55) is retained within in-
an analyte sensor system, according to some embodi- sertion element 5574. Retention element 5592 may be
ments. Applicator 5300 includes an applicator housing coupled to a bottom cap 5590 which is removable prior
5302 having a retention feature 5384, for example a hook to activation of applicator 5500.
or protrusion. Applicator 5300 further includes on-skin 26 [0361] FIGs. 56A-56B illustrate perspective views of
sensor assembly 160 having sensor 138, and an inser- another sensor retention element 5682 for an applicator
tion element 5374 configured to guide sensor 138. Ap- 5600 for an analyte sensor system, according to some
plicator 5300 further comprises a retention element 5382, embodiments. Sensor retention element 5682 may com-
which may comprise an elastomeric band (e.g., a rubber prise a paddle or other surface configured to rest against
band), a flexible plastic, or metallic wire configured to 30 insertion element 5674 in a retention position, thereby
press against an open side of insertion element 5374 retention sensor 138 in the insertion element 5674. FIG.
thereby retention sensor 138 in insertion element 5374. 56A illustrates sensor retention element 5682 in the re-
Upon activation of applicator 5300, an orientation or po- tention position. Sensor retention element 5682 is con-
sition of one or more of retention feature 5384, retention figured to rotate, slide, or move away from insertion ele-
element 5382 or insertion element 5374 may be altered 35 ment 5674 into a non-retaining position, thereby putting
such that sensor 138 is no longer actively retained within applicator 5600 in a state for activation. In some embod-
insertion element 5374. For example, insertion element iments the arm of sensor retention element 5682 is con-
5374 may be configured to progress in the proximal di- figured to automatically move during or after activation
rection at the beginning of activation. The insertion ele- into a non-retaining position via a linkage attached to an
ment 5374 is withdrawn from the retention element al- 40 element of the applicator. FIG. 56B illustrates sensor re-
lowing the retention element to recoil and clear the path- tention element 5682 in the non-retaining position.
way of insertion for the on-skin sensor assembly. [0362] In some embodiments, sensor 138 may be re-
[0357] FIG. 54 illustrates a perspective view of another tained in a channel of an insertion element by an elasto-
sensor retention mechanism 5482 for an applicator 5400 meric band disposed around at least a portion of insertion
for an analyte sensor system, according to someembod- 45 element (e.g., an O-ring or any other flexible band ma-
iments. In FIG. 54, sensor retention mechanism 5482 terial). The elastomeric band may be removed manually
comprises a flexible or substantially rigid insert config- before deployment, or alternatively, may be removed
ured to rest against applicator housing 5402 and against from insertion element automatically by some operation
insertion element 5474, thereby retention sensor 138 in of the applicator upon activation. In some embodiments
insertion element 5474. For example, retention mecha- 50 (e.g. applicator 500) the insertion element is configured
nism 5482 may comprise a paper, plastic, elastomeric, to move in the proximal direction during the first portion
metallic or polymeric sheet configured for removal before (e.g. by changing the starting position of the scotch-yoke
activation of applicator 5400. In some embodiments, re- mechanism) of the insertion cycle. In this embodiment
tention mechanism 5482 may be manufactured or cut to the elastomeric element is able to clear the distal tip of
include a tab 5486 configured to press against insertion 55 the insertion element and recoil to clear the pathway of
element 5474, thereby retention sensor 138 in insertion insertion of the on skin assembly.
element 5474. [0363] In some other embodiments, sensor 138 may
[0358] In some embodiments, retention mechanism be retained in a channel of an insertion element by a
52
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foam, paper, cardboard, plastic, polymeric tab configured
to be pierced by insertion element such that the tab is
disposed substantially around a tip of insertion element,
thereby retaining sensor 138 in the channel of the inser-
tion element. The tab may be removed manually before
deployment, or alternatively, may be removed from in-
sertion element automatically by some operation of the
applicator upon activation.

[0364] FIG. 57 illustrates a perspective view of yet an-
other sensor retention element 5782 for an applicator for
an analyte sensor system, according to some embodi-
ments. Sensor retention element 5782 includes a needle
hub (not shown in FIG. 57) configured to guide insertion
element 5774 (e.g., a C-needle), which is it turn config-
ured to guide sensor 138. A flexible sleeve comprising a
first portion 5706a and a second portion 5706b is dis-
posed over sensor 138 and insertion element 5774,
thereby retaining sensor 138 in insertion element 5774.
Upon activation, the needle hub is configured to drive
insertion element 5774 in the distal direction, thereby
splitting the flexible sleeve and separating first portion
5706a and second portion 5706b. Once split, the flexible
sleeve may no longer retain sensor 138 in insertion ele-
ment 5774.

[0365] FIG. 58 illustrates a perspective view of yet an-
other sensor retention element 5882 for an applicator for
an analyte sensor system, according to some embodi-
ments. Sensor retention element 5882 includes a needle
hub (not shown in FIG. 58) configured to guide insertion
element 5874 (e.g., a C-needle), which is it turn config-
ured to guide sensor 138. A flexible sleeve comprising a
first portion 5806a and a second portion 5806b is dis-
posed over sensor 138 within a channel of insertion el-
ement 5874, thereby retaining sensor 138 in insertion
element 5874. Upon activation, the needle hub is config-
uredtodrive insertion element 5874 in the distal direction,
thereby splitting the flexible sleeve and separating first
portion 5806a and second portion 5806b. Once split, the
flexible sleeve may no longer retain sensor 138 in inser-
tion element 5874.

[0366] FIGs. 59A-59B illustrate cutaway views of yet
another sensor retention element for an applicator for an
analyte sensor system, according to some embodiments.
FIG. 59A illustrates a position of on-skin sensor assembly
160, an insertion element 5974 guiding sensor 138, and
a cannula (e.g. a tube such as PTFE, PE, polymer, me-
tallic, etc.) 5962, configured to retain sensor 138 in an
open sided insertion element 5974, during and before
applicator activation. In FIG. 59A, cannula 5962 may be
coupled to on-skin sensor assembly 160 or at least con-
figured to be driven to the distal inserted position along
with on-skin sensor assembly 160.

[0367] FIG. 59B illustrates on-skin sensor assembly
160, sensor assembly 138, and cannula 5962 in the in-
serted distal position with respect to skin 130 of the host,
insertion element 5974 having been retracted to the prox-
imal retracted position (not shown in FIG. 59B). As
shown, sensor 138 may be inserted and disposed
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through cannula 5962, into skin 130 of the host. Cannula
5962 may provide strain relief and a minimum bend ra-
dius for sensor 138, thereby reducing the probability of
damage to sensor 138 during deployment and operation.
A significant portion of the elongated body of the analyte
sensor may extend subcutaneously beyond the cannula
so as not to interfere with sensor function.

On-Skin Sensor Assembly Features

[0368] FIG. 68 illustrates a perspective view of an on-
skin sensor assembly 6860, which may include a base
6828. An adhesive patch 6826 can couple the base 6828
to the skin 6830 of the host. In some embodiments, the
adhesive patch 6826 may comprise an adhesive suitable
for skin adhesion, for example a pressure sensitive ad-
hesive (e.g., acrylic, rubber-based, or other suitable type)
bonded to a carrier substrate (e.g., spun lace polyester,
polyurethane film, or other suitable type) for skin attach-
ment, though any suitable type of adhesive is also con-
templated. An on-skin sensor assembly 6860 may com-
prise an electronics unit 6840 (e.g., a transmitter) which
may further comprise a glucose sensor module 6834 cou-
pled to a glucose sensor 6838 and to base 6828.
[0369] The applicator system can couple adhesive
patch 6826 to skin 6830. The glucose sensor module
6834 may be secured to base 6828 (e.g., via retention
elements such as snap fits and/or interference features,
adhesive, welding, etc.) to ensure glucose sensor 6838
is coupled to base 6828. In alternative embodiments, the
sensor module 6834 and base 6828 are preassembled
or manufactured as a single component.

[0370] After on-skin sensor assembly 6860 is applied
to a user’s skin, a user (or an applicator) can couple elec-
tronics unit 6840 (e.g., a transmitter) to on-skin sensor
assembly 6860 via retention elements such as snap fits
and/or interference features. Electronics unit 6840 can
measure and/or analyze glucose indicators sensed by
glucose sensor 6838. Electronics unit 6840 can transmit
information (e.g., measurements, analyte data, glucose
data) to a remotely located device (e.g., 110-114 shown
in FIG. 1).

[0371] On-skin sensor assembly 6860 may be at-
tached to the host with use of an applicator adapted to
provide convenient and secure application. Such an ap-
plicator may also be used for attaching electronics unit
6840 to base 6840, inserting sensor 6838 through the
host’s skin, and/or connecting sensor 6838 to electronics
unit 6840. Once electronics unit 6840 is engaged with
the base and sensor 6838 has been inserted into the skin
(andis connected to the electronics unit 6840), the sensor
assembly can detach from the applicator.

[0372] FIG. 69 illustrates a perspective view of elec-
tronics unit 6840 coupled to base 6828 via retention el-
ements such as snap fits and/or interference features. In
some embodiments, electronics unit 6840 and base 6828
are coupled by adhesive, welding, or other bonding tech-
niques. Adhesive patch 6826, on a distal face of base
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6828, is configured to couple sensor assembly 6860 to
the skin.

[0373] Reverting to on-skin sensor assembly 160 as
previously described in connection with FIG. 1, FIG. 70

EP 3 928 688 B1
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bodiments. On-skin sensor assembly 160 is shown as
including at least sensor electronics 140, an insertion el-
ement 6174, such as a C-needle for example, passing
through an opening in on-skin sensor assembly 160, and

illustrates a perspective view of on-skin sensorassembly 5 sensor 138 coupled or couplable to sensor electronics
6860. On-skin sensor assembly 6860 may be disposable 140 at afirst end, and having a portion that is bent along
or reusable. FIG. 70 further illustrates electronics unit a bend radius such that a portion of sensor 138 beyond
6840 coupled to a base 6828, and adhesive patch 6826 the bend is nested within or against insertion element
configured to be attached to on-skin sensor assembly 6174. A bottom of on-skin sensor assembly 160 further
6860, which, when combined, may be held within the 70 includes an open cavity 6102. Open cavity 6102 allows
applicator. Adhesive patch 6826 may or may not have a sensor 138 to bend along a larger minimum bending ra-
non-adhesive liner when held in the applicator. dius than would be possible for an on-skin sensor as-
[0374] Further, with respect to any of on-skin sensor sembly that does not include open cavity 6102. Sensor
assembly 160, 260, 360 of FIGs. 1 and 2A-4, or on-skin 138 is shown in FIG. 61 as initiating this bend in advance
sensor assembly 6860 of FIGs. 68-70, on-skin sensor 75 of reaching open cavity 6102 and arcing in an upward
assembly 160, 260, 360, 6860 is subjected to stress on direction at the beginning of the bend, further increasing
portions of sensor 138, 238, 338, 6838 that are bent as the potential minimum bend radius of sensor 138. Such
the direction of extension of sensor 138, 238, 338, 6838 alarger bend radius reduces stress and strain on sensor
transitions from substantially horizontal, within on-skin 138, thereby reducing the probability of damage to sen-
sensor assembly 160, 260, 360, 6860 to substantially 20 sor 138.
vertical, at the interface between on-skin sensor assem- [0377] Open cavity 6102 may further promote healing
bly 160, 260, 360, 6860 and skin 130. FIGs. 58-63 de- of the open wound caused by insertion of sensor 138 by
scribe several embodiments that minimize the incidence insertion element 6174 by providing access air access
of sensor damage as well as host discomfort at this in- that improves drying of the wound site. Although not
terface. While the following description may identify por- 25 shown in FIG. 61, on-skin sensor assembly 160 may fur-
tions of on-skin sensor assembly 160 of FIG. 1, such ther include a porous, woven, or spun lace material con-
description may be equally applicable to on-skin sensor figured to wick away moisture from sweating or any other
assembly 260, 360, 6860 of FIGs. 2A-4, and 68-70. source, such as blood from the wound. Open cavity 6102
[0375] FIG. 60 illustrates a cutaway view of on-skin would further provide a location for small amounts of this
sensor assembly 160 having at least a portion of sensor 30 liquid, e.g., blood, to collect, thereby preventing it from
138 potted in a flexible material, according to some em- seeping out and being visible to the host. Although not
bodiments. On-skin sensor assembly 160 is shown as shown in FIG. 61, sensor 138 may further include flexible
including at least sensor electronics 140, an insertion el- material 6002, e.g., silicone, disposed around at least a
ement 6074, such as a C-needle for example, passing portion of the bend in sensor 138 and/or a seal at the
through an opening in on-skin sensor assembly 160, and 35 hole through which sensor 138 passes, as previously de-
sensor 138 coupled or couplable to sensor electronics scribed in connection with FIG. 60.
140 at a first end, and having a portion that is bent along [0378] FIG. 62 illustrates a cutaway view of on-skin
a bend radius such that a portion of sensor 138 beyond sensor assembly 160 comprising an open cavity config-
the bend is nested within or against insertion element ured to allow a larger bend radius in sensor 138, com-
6074. Sensor 138 s further illustrated as having aflexible 40 pared to that shown in FIG. 60, according to some em-
material 6002, e.g., an elastomeric material such as sil- bodiments. On-skin sensor assembly 160 is shown sub-
icone, disposed around at least a portion of the bend in stantially as previously described in connection with FIG.
sensor 138. Flexible material 6002 may operate as a 61, however, sensor 138 is shown as initiating the upward
strain-relief element by limiting the bend radius of the bend upon reaching, rather than in advance of reaching,
bend to some predetermined minimum radius that sub- 45 open cavity 6102. Although not shown in FIG. 62, sensor
stantially reduces or eliminates damage to sensor 138. 138 may further include flexible material 6002, e.g., sili-
In some embodiments, flexible material 6002 may extend cone, disposed around at least a portion of the bend in
to the hole through which sensor 138 passes at the on- sensor 138 and/or a seal at the hole through which sensor
skin sensor assembly-to-skin interface, which further 138 passes, as previously described in connection with
provides a seal from moisture ingress to on-skin sensor 50 FIG. 60. Such a larger bend radius reduces stress and
assembly 160. In some embodiments, a dedicated seal strain on sensor 138, thereby reducing the probability of
comprising a flexible material may be provided at the hole damage to sensor 138.
through which sensor 128 passes in addition to or as an [0379] FIG. 63 illustrates a cutaway view of on-skin
alternative to flexible material 6002. sensor assembly 160 comprising an open cavity config-
[0376] FIG. 61 illustrates a cutaway view of on-skin 55 ured to allow a larger bend radius in sensor 138, com-
sensor assembly 160 comprising an open cavity config- pared to that shown in FIG. 60, according to some em-
ured to allow a larger bend radius in sensor 138, com- bodiments. Such alarger bend radius reduces stress and
pared to that shown in FIG. 60, according to some em- strain on sensor 138, thereby reducing the probability of
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damage to sensor 138. On-skin sensor assembly 160 is
shown substantially as previously described in connec-
tion with FIG. 61, however, sensor 138 is shown as ini-
tiating a bend upon reaching, rather than in advance of
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6410, maintaining on-skin sensor assembly 160 in an
unpowered storage mode that prevents battery drain be-
fore deployment. During activation, some portion 6408
of applicator may be configured to push down on flexible

reaching, open cavity 6102 and this bend is substantially & material 6406, which is physically coupled to electrically
in the downward direction, rather than first in an upward insulating material 6404, thereby shifting electrically in-
direction. Although not shown in FIG. 63, sensor 138 may sulating material 6404 such that electrical contact 6402
further include flexible material 6002, e.g., silicone, dis- comes into electrical contact with battery 6410 and shift-
posed around at least a portion of the bend in sensor 138 ing on-skin sensorassembly 160 into a battery connected
and/or a seal at the hole through which sensor 138 pass- 70  operational mode, as will be shown in more detail in con-
es, as previously described in connection with FIG. 60. nection with FIG. 64B.
[0380] In yet other embodiments, at least a portion of [0383] FIG. 64B illustrates the battery connected, op-
sensor 138 may have a braided polyurethane material erational mode of on-skin sensor assembly 160, 260, 360
disposed thereon to provide further strain relief. In addi- discussed in FIG. 64A. Portion 6408 of applicator is il-
tion, or in the alternative, additional materials suchasan 75 |ustrated as having pushed down or deformed flexible
elastomer, flexible adhesive, or other braided or molded material 6406 and moved electrically insulating material
polymer material may be disposed thereon, in some em- 6404 laterally such that electrical contact 6402 is in elec-
bodiments, at least on the bend in sensor 138 and/or at trical contact with battery 6410.
a transition into on-skin sensor assembly 160, to provide [0384] FIGs. 88A-88B illustrate another optional bat-
further strain relief. It is contemplated that the compo- 20 tery connection feature for on-skin sensor assembly 160,
nents and features described above and/or with respect 260, 360 in accordance with some embodiments. FIGs.
to FIGS. 60-63 can be implemented in other on-skin sen- 88A illustrates a first perspective view of a battery socket
sorassemblies described herein, such as on-skin sensor 8804 configured to hold a coin battery 8810 (see FIG.
assembly 260 and 360. 88B), according to some embodiments. FIG. 88B illus-
[0381] In addition, during pressure fluctuations, such 25 trates a second perspective view of the battery socket
as at high altitude or vacuum during sterilization proc- 8804, according to some embodiments. Battery socket
esses for example, air present within the applicator may 8804 comprises a first terminal comprising a tab 8806,
exert a deforming force on on-skin sensor assembly 160. configured to make physical and electrical contact with
Although not shown in any of FIGs. 60-63, in some em- one of a positive terminal or a negative terminal of battery
bodiments, on-skin sensor assembly 160 may have at 30 8810. Battery socket 8804 further comprises a second
least a portion formed with a reduced thickness and, terminal comprising one or more clips 8808 configured
therefore, reduced strength and rigidity, such that when to make physical and electrical contact with the other of
applicator 460 is exposed to such pressure fluctuations, the positive terminal or the negative terminal of battery
the portions having the reduced thickness expand in a 8810. In some embodiments, a portion of a PCB 8802
controlled manner, thereby reducing or eliminating dam- 35 may insulate tab 8806 from the one or more clips 8808.
age that would otherwise occur to on-skin sensor assem- In some embodiments, battery socket 8804 may be sol-
bly 160 due to undesirable uncontrolled expansion of on- dered to PCB 8802 to provide electrical and/or structural
skin sensor assembly 160. Such a feature may be connections between battery socket 8804 and one or
present in the applicator housing of any applicator de- more electrical components on PCB 8802. In some em-
scribed herein. 40  bodiments, PCB 8802 may comprise a single unitary
[0382] FIGs. 64A-64B illustrate an optional battery piece. In some embodiments, battery 8810 may be se-
connection feature foron-skin sensorassembly 160, 260, cured to battery socket 8804 during assembly of on-skin
360 in accordance with some embodiments. FIG. 64A sensor assembly 160, 260, 360. In some embodiments,
illustrates a storage mode, pre-activation. On-skin sen- battery 8810 may be secured to tab 8806 via one or more
sorassembly 160 isillustrated as including abattery6410 45 tack welds. In some embodiments, battery 8810 may be
configured to power at least sensor electronics (e.g., additionally or alternatively secured to tab 8806 utilizing
transmitter/sensor electronics 140, see FIG. 1). On-skin a spring, a piece of foam, or any other element disposed
sensor assembly 160 further includes an electrical con- between battery 8810 and a housing or other portion of
tact 6402, configured to physically and electrically con- on-skin sensor assembly 160, 260, 360 and configured
tact battery 6410, an electrically insulating material 6404 50 to push or retain battery 8810 against tab 8806. In some
(e.g., polyethylene terephthalate (PET), or any other embodiments, battery 8810 may additionally or alterna-
electrically insulative material) disposed between elec- tively be secured to the one or more clips 8808 via one
trical contact 6402, and a flexible material 6406 (e.g., or more respective tack welds.
ductile PET, TPSiV® or any other suitable material) cou-
pled to on-skin sensor assembly 160 and to electrically 55 Sterilization, Packaging, and Sealing Embodiments
insulating material 6404. In operation, pre-activation,
electrically insulating material 6404 prevents electrical [0385] For any of the embodiments of applicators ex-
contact between electrical contact 6402 and battery pressly described herein, sterilization, packaging, and/or
55
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sealing features may also be included. In some embod-
iments, a user removing the applicator fromits packaging
and/or its sterilization features may partially or fully en-
ergize the applicator (e.g., load unloaded springs). For
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These features may be incorporated in current embodi-
ments within an applicator housing (e.g. 502) or addition-
al bodies added to the applicator assembly (e.g. cap,
shell, lid, tab, peelable layer, elastomer, O-ring, adhe-

example, motions such as pulling, twisting, pushing, or 5 sive, button, etc.).
tilting required to remove an applicator from its packaging [0389] Gas permeable sterile barriers 6830 allow a de-
or to remove one or more sterilization and/or sealing fea- vice to create an enclosed volume that is permeable to
tures from the applicator may be harnessed to load par- a gas (e.g. a sterilization gas) and maintain a microbial
tially unloaded or fully unloaded springs within the appli- barrier to an exterior volume. A non-gas permeable ster-
cator. Such features would provide a benefit in that less 70 ile barrier 6840 performs the same functions of a gas
energy would have to be stored in the springs of the ap- permeable sterile barrier with the additional function of
plicator during its shelf life, prior to its use. Examples of blocking gasses than may have deleterious effects (e.qg.
sterilizing, sealing and packaging features contemplated water vapor). Gas permeable 6830 and/or non-gas per-
forinclusion with any applicator described herein are de- meable sterile barrier 6840 may be used in conjunction
scribed more fully in U.S. Patent Application No. 75 orindependently as also described in U.S. Patent Appli-
16/011527 . cation No. 16/011527. These features may be incorpo-
[0386] FIG.67 illustrates exemplary sterilization, pack- rated in current embodiments within an applicator hous-
aging and sealing features of an applicator configured to ing (e.g. 502) or additional bodies added to the applicator
apply an on-skin sensor assembly to skin of a host, ac- assembly (e.g. cap, shell, lid, tab, peelable layer, pack-
cording to some embodiments. In some embodiments, 20 aging, seal, button, etc.).
the applicator (e.g. applicator 500, 800, 900, 1000, etc.). [0390] Device protection features 6850 may be adapt-
may incorporate features such as sterile barrier, tamper ed to protect functional components of applicators (e.g.
evidence, device sealing and/or device protection. Meth- applicator 500, 800, 900, 1000, etc.). Functions may in-
ods of sterile barrier, tamper evidence, device sealing, clude inadvertent activation prevention, drop protection,
and/or device protection are also described in U.S. Pat- 25 needle damage protection, or other functions also dis-
ent Application No. 16/011527. Non-limiting examples closed in U.S. Patent Application No. 16/011527. These
may include a tamper evident feature 6810 (e.g. FIGS. features may be incorporated in current embodiments
1A - 5B), a capsule sealing feature 6820 (e.g. FIGS. 1A- within an applicator housing (e.g. 502) or additional bod-
3C), a gas permeable 6830 and/or non-gas permeable ies added to the applicator assembly (e.g. cap, shell, lid,
sterile barrier 6840 (e.g. FIGS. 1A, 2B, 4B, 5B, 7B, 8B, 30 tab, peelable layer, frangible, packaging, seal, button,
9,11A,13A,15A-27B, 29-30B), or device protection fea- etc.).
ture 6850 (e.g. FIG. 1A- 24B).
[0387] Tamper evident sealing or other tamper evi- Methods of Applying an On-Skin Sensor Assembly to
dence features 6810 allow a consumer to identify when Skin of a Host
an applicator has been previously used or containment 35
has been breached and, thus, avoid using an applicator [0391] FIG. 65illustrates a flowchart 6500 of a method
that may be faulty or pose an increased health risk if for applying an on-skin sensor assembly to skin of a host,
used. Non-limiting examples of tamper evident features according to some embodiments. Stepsin flowchart 6500
6810 also described in U.S. Patent Application No. may be performed utilizing any applicator as previously
16/011527, include ring, peelable layer, perforated tab, 40 described in connection with any of the previous FIGs.
adhesive mounted tab, and/or twist-off collar. These fea- Although certain steps are set forth below, a method of
tures may be incorporated in currentembodiments within using such an applicator may comprise more, fewer, or
an applicator housing (e.g. 502) or additional bodies add- different steps, in the same or different order from that
ed to the applicator assembly (e.g. cap, shell, lid, tab, set forth below.
peelable layer, frangible, ring, etc.). 45 [0392] Flowchart6500 illustrates block 6502, including
[0388] Capsule sealing features 6820 create an en- providing an applicator comprising an applicator housing,
closed volume from multiple components. Non limiting a needle carrier assembly comprising an insertion ele-
examples of capsule sealing features also described in ment configured to insert a sensor of the on-skin sensor
U.S. Patent Application No. 16/011527, include one or assembly into the skin of the host, a holder releasably
more removable caps on the top (e.g., proximal) or bot- 50 coupled to the needle carrier assembly and configured
tom (e.g., distal) ends of the applicator, through one or to guide the on-skin sensor assembly while coupled to
more trigger mechanisms comprising integrated caps, the needle carrier assembly, a drive assembly, and an
through one or more sealing layers that cover one or activation element. In some embodiments, the distal di-
more orifices, apertures or vents of the applicator, rection and the proximal direction extend along an inser-
through sterilizable gas-permeable polymers, through 55 tion axis of the insertion element.
sterilizable gas-permeable trigger mechanisms, through [0393] Flowchart 6500 further illustrates block 6504,
protective cups, or any combinations of the same, de- including activating an activation element, wherein acti-
scribed in more detail with at least some of FIGs. 1A-33. vating the activation element causes the drive assembly
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to drive the insertion element in a distal direction to a
distal insertion position and in a proximal direction from
the distal insertion position to a proximal retraction posi-
tion, thereby inserting the sensor of the on-skin sensor
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side, medial side, lower side, or bottom of the applicator.
Moreover, in some embodiments, two or more activation
elements may be operated in tandem in order to activate
the applicator. The above-described activation elements

assembly at least partially into the skin of the host. 5 may be applied or utilized in connection with any appli-
[0394] FIG. 89 illustrates a flowchart 8900 of another cator described herein.
method for applying an on-skin sensor assembly to skin [0399] The feature insertion element 6620 as used
of a host, according to some embodiments. Steps in flow- herein may be considered to include any type of mech-
chart 8900 may be performed utilizing any applicator as anism that, when operated as intended, serves to insert
described in connection with any FIGs., for example but 70 a sensor or sensor wire at least partially into a skin of a
not limitation, FIGs. 71-88. Although certain steps are host. For example, an insertion element may include, but
set forth below, a method of using such an applicator isnotlimited to, aregular, circumferential needle, anopen
may comprise more, fewer, or different steps, in the same sided-needle (e.g., FIGs. 48A-48B), a needle with a de-
or different order from that set forth below. flected tip (e.g., FIG. 49), a curved, bent or kinked needle
[0395] Flowchart8900 illustrates block 8902, including 75 (e.g., FIGS. 47 and 50), a polymer-coated needle, a hy-
providing an applicator comprising a housing having an podermic needle, or the sensor or sensor wire tip itself.
activation element, an insertion assembly, and a retrac- [0400] The feature retention elementor on-skin sensor
tion assembly. assembly retention element 6630 as used herein may be
[0396] Flowchart 8900 further illustrates block 8904, considered to include any type of mechanism that, when
including activating the activation element, wherein acti- 20 operated as intended, serves to retain an on-skin sensor
vating the activation element causes the insertion as- assembly in a particular position, orientation or constrain
sembly to translate a needle carrier assembly and the the feature to a particular path of motion. For example,
on-skin sensorassembly in a distal direction from a prox- a retention element may include, but is not limited to, a
imal position to a distal insertion position, thereby insert- hook, aclaw, atab, anarm, an undercutand snap feature,
ing a sensor of the on-skin sensor assembly at least par- 25 a press fit feature, a deformable and/or elastomeric ele-
tially into the skin of the host, and the retraction assembly ment (as described in connection with any of FIGs. 5-7D,
to translate the needle carrier assembly in a proximal 12-14E, 25-27E, 32A-37C and 41A-46), or any on-skin
direction from the distal inserted position to a proximal sensor assembly retention element illustrated in U.S.
retracted position, the retraction assembly configured to Patent Application No. 15/387088 as described above.
activate in response to on-skin sensor assembly contact- 30 [0401] The feature spring and/or energy source 6650
ing the skin of the host. In some embodiments, the distal as used herein may be considered to include any suitable
direction and the proximal direction extend along an in- type of spring configured to store potential energy when
sertion axis of an insertion element of the applicator. loaded and configured to release at least a portion of that
stored potential energy to drive one or more portions of
Exemplary Mechanisms for Applicator Features 35 an applicator as required or desired. For example, a
spring may include, but is not limited to, a compression
[0397] FIG. 66 illustrates exemplary mechanisms for spring, which is configured to store energy when com-
several features of an applicator configured to apply an pressed to less than its resting length (e.g., FIG. 32), an
on-skin sensor assembly to skin of a host, according to extension spring, which is configured to store energy
some embodiments. The mechanisms described in con- 40  when stretched to greater than its resting length (e.g.,
nection with FIG. 66 are exemplary and not limiting. FIG. 21), a single or double torsion spring (e.g., FIG. 12),
[0398] For example, the feature activation element clock spring or power spring, which are configured to
6610 as used herein may be considered to include any store energy in torsional deformation of a portion of the
type of mechanism that, when operated as intended, spring from its resting profile, or a leaf spring (e.g., FIGs.
serves to activate a drive mechanism of an applicator 456 22 and 25), which is configured to store energy in the
and, thereby, apply an on-skin sensor assembly to skin physical deformation of the spring from its resting profile.
ofahost. Forexample, an activation element may include [0402] Insertion and/or retraction mechanisms 6660
an element configured to trigger when pushed, pulled, may be considered to include any suitable mechanism
switched, toggled, slid, triggered, deflected, rotated, de- for causing a movement of an insertion elementin a distal
formed or flexed from a first position or state to at least 50 direction to a distal inserted position, and/or in a proximal
a second position or state. General examples include but direction to a proximal retracted position. For example,
are not limited to buttons, slides, hooks, switches, a flex- such mechanisms may include, but are not limited to, a
ible portion of the applicator housing itself, tabs, or scotch yoke mechanism (e.g., FIG. 5) a barrel cam (e.g.,
strings. Moreover, although certain embodiments of ap- FIG. 29), opposing springs mechanism, a reverse tog-
plicators are described herein as having an activation 55 gling mechanism comprising a lever having a first end,
elementin a particular location, any applicator described a second end, and a fulcrum at a point between the first
herein is also contemplated having one or more activa- and second ends (e.g., FIG. 31), a flexible linkage (e.g.,
tion members in any other position, e.g., a top, upper FIGs.18-23), a spring linkage (e.g. FIG. 12-14E), or any
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hinging or pivoting (e.g. FIG 25-28H) apparatus that op- in conjunction with aspects of the preferred embodiments
erates as described in this disclosure. are disclosed in U.S. Pat. No. 4,757,022; U.S. Pat. No.
[0403] Energy storage 6640, for example, as potential 4,994,167; U.S. Pat. No. 6,001,067; U.S. Pat. No.
energy stored in a spring, for any applicator described in 6,558,321; U.S. Pat. No. 6,702,857; U.S. Pat. No.
this disclosure may be pre-loaded (e.g., in the factoryor 5 6,741,877; U.S. Pat. No. 6,862,465; U.S. Pat. No.
before provision to a user), mechanism loaded (e.g., 6,931,327; U.S. Pat. No. 7,074,307; U.S. Pat. No.
some operation of the applicator loads the spring), or 7,081,195; U.S. Pat. No. 7,108,778; U.S. Pat. No.
user loaded (e.g., the user provides energy in some form 7,110,803; U.S. Pat. No. 7,134,999; U.S. Pat. No.
of motion that is utilized to store potential energy in a 7,136,689; U.S. Pat. No. 7,192,450; U.S. Pat. No.
spring). 10 7,226,978; U.S. Pat. No. 7,276,029; U.S. Pat. No.
[0404] Sensor retention 6670 for any applicator de- 7,310,544; U.S. Pat. No. 7,364,592; U.S. Pat. No.
scribed in this disclosure may be user-removable (e.g., 7,366,556; U.S. Pat. No. 7,379,765; U.S. Pat. No.
FIGs. 54,57, 58), mechanism-removable (e.g., FIGs. 53, 7,424,318; U.S. Pat. No. 7,460,898; U.S. Pat. No.
56A-56B, 57 and 58), ex-vivo supportfeature (e.g., FIGs. 7,467,003; U.S. Pat. No. 7,471,972; U.S. Pat. No.
55-58), or in-vivo support feature (e.g., FIGs. 59A-59B). 15 7,494,465; U.S. Pat. No. 7,497,827; U.S. Pat. No.
For example, an elastomeric element such as a rubber 7,519,408; U.S. Pat. No. 7,583,990; U.S. Pat. No.
band (see FIG. 53), a foam, rubber or other pad (see 7,591,801; U.S. Pat. No. 7,599,726; U.S. Pat. No.
FIG. 55), a frangible element (see FIGs. 57-58), an ad- 7,613,491; U.S. Pat. No. 7,615,007; U.S. Pat. No.
hesive layer, or a wire. 7,632,228; U.S. Pat. No. 7,637,868; U.S. Pat. No.
[0405] Elements within each feature category (e.g., 20 7,640,048; U.S. Pat. No. 7,651,596; U.S. Pat. No.
6610, 6620, 6630, 6640, 6650, 6660, 6670) are inter- 7,654,956; U.S. Pat. No. 7,657,297; U.S. Pat. No.
changeable for any applicator described herein. For in- 7,711,402; U.S. Pat. No. 7,713,574; U.S. Pat. No.
stance, applicator 500 shown in FIGS. 5-6H includes a 7,715,893; U.S. Pat. No. 7,761,130; U.S. Pat. No.
push button and deflecting arm activation element 504, 7,771,352; U.S. Pat. No. 7,774,145; U.S. Pat. No.
an open-sided needle insertion element 674, an under- 25 7,775,975; U.S. Pat. No. 7,778,680; U.S. Pat. No.
cut/snap feature 678a, 678b for on-skin sensor assembly 7,783,333; U.S. Pat. No. 7,792,562; U.S. Pat. No.
160 retention, a pre-loaded energy storage in which the 7,797,028; U.S. Pat. No. 7,826,981; U.S. Pat. No.
energy source is a single torsion spring 512, and a scotch 7,828,728; U.S. Pat. No. 7,831,287; U.S. Pat. No.
yoke insertion/retraction mechanism 510. However, in 7,835,777; U.S. Pat. No. 7,857,760; U.S. Pat. No.
an alternative embodiment, applicator 500 may instead 30 7,860,545; U.S. Pat. No. 7,875,293; U.S. Pat. No.
include a switch/toggle activation element, a curved/bent 7,881,763; U.S. Pat. No. 7,885,697; U.S. Pat. No.
needle insertion element (e.g., 5074), a press fit on-skin 7,896,809; U.S. Pat. No. 7,899,511; U.S. Pat. No.
sensor assembly retention, and an ex-vivo support fea- 7,901,354; U.S. Pat. No. 7,905,833; U.S. Pat. No.
ture sensor retention (e.g., FIGs. 55-58). 7,914,450; U.S. Pat. No. 7,917,186; U.S. Pat. No.
[0406] In another example, applicator 2500 shown in 35 7,920,906; U.S. Pat. No. 7,925,321; U.S. Pat. No.
FIGs. 25-28H includes a push button and deflecting arm 7,927,274; U.S. Pat. No. 7,933,639; U.S. Pat. No.
activation element 2504, an open-sided needle insertion 7,935,057; U.S. Pat. No. 7,946,984; U.S. Pat. No.
element 2674, an undercut/snap feature (e.g., similar to 7,949,381; U.S. Pat. No. 7,955,261; U.S. Pat. No.
678a, 678b) on needle carrier assembly 2508 for on-skin 7,959,569; U.S. Pat. No. 7,970,448; U.S. Pat. No.
sensorassembly 160 retention, apre-loaded energy stor- 40 7,974,672; U.S. Pat. No. 7,976,492; U.S. Pat. No.
age in which the energy source is a compression spring 7,979,104; U.S. Pat. No. 7,986,986; U.S. Pat. No.
2512 and leaf springs 2528, and a hinging or pivoting 7,998,071; U.S. Pat. No. 8,000,901; U.S. Pat. No.
apparatus 2508, 2524. However, in an alternative em- 8,005,524; U.S. Pat. No. 8,005,525; U.S. Pat. No.
bodiment, applicator 2500 may instead include a 8,010,174; U.S. Pat. No. 8,027,708; U.S. Pat. No.
switch/toggle activation element, a curved/bent needle 45 8,050,731; U.S. Pat. No. 8,052,601; U.S. Pat. No.
insertion element (e.g., 5074), a press fit on-skin sensor 8,053,018; U.S. Pat. No. 8,060,173; U.S. Pat. No.
assembly retention, and an ex-vivo support feature sen- 8,060,174; U.S. Pat. No. 8,064,977; U.S. Pat. No.
sor retention (e.g., FIGs. 55-58). 8,073,519; U.S. Pat. No. 8,073,520; U.S. Pat. No.
[0407] It should be appreciated that all methods and 8,118,877; U.S. Pat. No. 8,128,562; U.S. Pat. No.
processes disclosed herein may be used in any glucose 50 8,133,178; U.S. Pat. No. 8,150,488; U.S. Pat. No.
monitoring system, continuous or intermittent. It should 8,1565,723; U.S. Pat. No. 8,160,669; U.S. Pat. No.
further be appreciated that the implementation and/or ex- 8,160,671; U.S. Pat. No. 8,167,801; U.S. Pat. No.
ecution of all methods and processes may be performed 8,170,803; U.S. Pat. No. 8,195,265; U.S. Pat. No.
by any suitable devices or systems, whether local or re- 8,206,297; U.S. Pat. No. 8,216,139; U.S. Pat. No.
mote. Further, any combination of devices or systems 55 8,229,5634; U.S. Pat. No. 8,229,535; U.S. Pat. No.
may be used toimplement the present methods and proc- 8,229,536; U.S. Pat. No. 8,231,531; U.S. Pat. No.
esses. 8,233,958; U.S. Pat. No. 8,233,959; U.S. Pat. No.
[0408] Methods and devices that are suitable for use 8,249,684; U.S. Pat. No. 8,251,906; U.S. Pat. No.
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8,255,030; U.S. Pat. No. 8,255,032; U.S. Pat. No. A1; U.S. Patent Publication No. 2007-0173709-A1; U.S.
8,255,033; U.S. Pat. No. 8,257,259; U.S. Pat. No. Patent Publication No. 2007-0173710-A1; U.S. Patent
8,260,393; U.S. Pat. No. 8,265,725; U.S. Pat. No. Publication No. 2007-0208245-A1; U.S. Patent Publica-
8,275,437; U.S. Pat. No. 8,275,438; U.S. Pat. No. tion No. 2007-0208246-A1; U.S. Patent Publication No.
8,277,713; U.S. Pat. No. 8,280,475; U.S. Pat. No. 5 2007-0232879-A1; U.S. Patent Publication No.
8,282,549; U.S. Pat. No. 8,282,550; U.S. Pat. No. 2008-0045824-A1; U.S. Patent Publication No.
8,285,354; U.S. Pat. No. 8,287,453; U.S. Pat. No. 2008-0083617-A1; U.S. Patent Publication No.
8,290,559; U.S. Pat. No. 8,290,560; U.S. Pat. No. 2008-0086044-A1; U.S. Patent Publication No.
8,290,561; U.S. Pat. No. 8,290,562; U.S. Pat. No. 2008-0108942-A1; U.S. Patent Publication No.
8,292,810; U.S. Pat. No. 8,298,142; U.S. Pat. No. 170 2008-0119703-A1; U.S. Patent Publication No.
8,311,749; U.S. Pat. No. 8,313,434; U.S. Pat. No. 2008-0119704-A1; U.S. Patent Publication No.
8,321,149; U.S. Pat. No. 8,332,008; U.S. Pat. No. 2008-0119706-A1; U.S. Patent Publication No.
8,346,338; U.S. Pat. No. 8,364,229; U.S. Pat. No. 2008-0183061-A1; U.S. Patent Publication No.
8,369,919; U.S. Pat. No. 8,374,667; U.S. Pat. No. 2008-0183399-A1; U.S. Patent Publication No.
8,386,004; U.S. Pat. No. 8,394,021; U.S. Pat. No. 15 2008-0188731-A1; U.S. Patent Publication No.
8,527,025; U.S. Pat. No. 7,896,809; U.S. Pat. No. 2008-0189051-A1; U.S. Patent Publication No.
9,119,528; and U.S. Pat. No. 9,119,529. 2008-0194938-A1; U.S. Patent Publication No.
[0409] Methods and devices that are suitable for use 2008-0197024-A1; U.S. Patent Publication No.
in conjunction with aspects of the preferred embodiments 2008-0200788-A1; U.S. Patent Publication No.
are disclosed in U.S. Patent Publication No. 20 2008-0200789-A1; U.S. Patent Publication No.
2003-0032874-A1; U.S. Patent Publication No. 2008-0200791-A1; U.S. Patent Publication No.
2005-0033132-A1; U.S. Patent Publication No. 2008-0214915-A1; U.S. Patent Publication No.
2005-0051427-A1; U.S. Patent Publication No. 2008-0228054-A1; U.S. Patent Publication No.
2005-0090607-A1; U.S. Patent Publication No. 2008-0242961-A1; U.S. Patent Publication No.
2005-0176136-A1; U.S. Patent Publication No. 25 2008-0262469-A1; U.S. Patent Publication No.
2005-0245799-A1; U.S. Patent Publication No. 2008-0275313-A1; U.S. Patent Publication No.
2006-0015020-A1; U.S. Patent Publication No. 2008-0287765-A1; U.S. Patent Publication No.
2006-0016700-A1; U.S. Patent Publication No. 2008-0306368-A1; U.S. Patent Publication No.
2006-0020188-A1; U.S. Patent Publication No. 2008-0306434-A1; U.S. Patent Publication No.
2006-0020190-A1; U.S. Patent Publication No. 30 2008-0306435-A1; U.S. Patent Publication No.
2006-0020191-A1; U.S. Patent Publication No. 2008-0306444-A1; U.S. Patent Publication No.
2006-0020192-A1; U.S. Patent Publication No. 2009-0018424-A1; U.S. Patent Publication No.
2006-0036140-A1; U.S. Patent Publication No. 2009-0030294-A1; U.S. Patent Publication No.
2006-0036143-A1; U.S. Patent Publication No. 2009-0036758-A1; U.S. Patent Publication No.
2006-0040402-A1; U.S. Patent Publication No. 35 2009-0036763-A1; U.S. Patent Publication No.
2006-0068208-A1; U.S. Patent Publication No. 2009-0043181-A1; U.S. Patent Publication No.
2006-0142651-A1; U.S. Patent Publication No. 2009-0043182-A1; U.S. Patent Publication No.
2006-0155180-A1; U.S. Patent Publication No. 2009-0043525-A1; U.S. Patent Publication No.
2006-0198864-A1; U.S. Patent Publication No. 2009-0045055-A1; U.S. Patent Publication No.
2006-0200020-A1; U.S. Patent Publication No. 40 2009-0062633-A1; U.S. Patent Publication No.
2006-0200022-A1; U.S. Patent Publication No. 2009-0062635-A1; U.S. Patent Publication No.
2006-0200970-A1; U.S. Patent Publication No. 2009-0076360-A1; U.S. Patent Publication No.
2006-0204536-A1; U.S. Patent Publication No. 2009-0099436-A1; U.S. Patent Publication No.
2006-0224108-A1; U.S. Patent Publication No. 2009-0124877-A1; U.S. Patent Publication No.
2006-0235285-A1; U.S. Patent Publication No. 45 2009-0124879-A1; U.S. Patent Publication No.
2006-0249381-A1; U.S. Patent Publication No. 2009-0124964-A1; U.S. Patent Publication No.
2006-0252027-A1; U.S. Patent Publication No. 2009-0131769-A1; U.S. Patent Publication No.
2006-0253012-A1; U.S. Patent Publication No. 2009-0131777-A1; U.S. Patent Publication No.
2006-0257995-A1; U.S. Patent Publication No. 2009-0137886-A1; U.S. Patent Publication No.
2006-0258761-A1; U.S. Patent Publication No. 50 2009-0137887-A1; U.S. Patent Publication No.
2006-0263763-A1; U.S. Patent Publication No. 2009-0143659-A1; U.S. Patent Publication No.
2006-0270922-A1; U.S. Patent Publication No. 2009-0143660-A1; U.S. Patent Publication No.
2006-0270923-A1; U.S. Patent Publication No. 2009-0156919-A1; U.S. Patent Publication No.
2007-0027370-A1; U.S. Patent Publication No. 2009-0163790-A1; U.S. Patent Publication No.
2007-0032706-A1; U.S. Patent Publication No. 55 2009-0178459-A1; U.S. Patent Publication No.
2007-0032718-A1; U.S. Patent Publication No. 2009-0192366-A1; U.S. Patent Publication No.
2007-0045902-A1; U.S. Patent Publication No. 2009-0192380-A1; U.S. Patent Publication No.
2007-0059196Patent Publication No. 2007-0066873- 2009-0192722-A1; U.S. Patent Publication No.
59

ABBOTT Exhibit 2003

Page 59 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.
IPR2024-00520



115 EP 3 928 688 B1 116

2009-0192724-A1; U.S. Patent Publication No. 2010-0198036-A1; U.S. Patent Publication No.
2009-0192751-A1; U.S. Patent Publication No. 2010-0212583-A1; U.S. Patent Publication No.
2009-0203981-A1; U.S. Patent Publication No. 2010-0217557-A1; U.S. Patent Publication No.
2009-0216103-A1; U.S. Patent Publication No. 2010-0223013-A1; U.S. Patent Publication No.
2009-0240120-A1; U.S. Patent Publication No. 5 2010-0223022-A1; U.S. Patent Publication No.
2009-0240193-A1; U.S. Patent Publication No. 2010-0223023-A1; U.S. Patent Publication No.
2009-0242399-A1; U.S. Patent Publication No. 2010-0228109-A1; U.S. Patent Publication No.
2009-0242425-A1; U.S. Patent Publication No. 2010-0228497-A1; U.S. Patent Publication No.
2009-0247855-A1; U.S. Patent Publication No. 2010-0240975-A1; U.S. Patent Publication No.
2009-0247856-A1; U.S. Patent Publication No. 70 2010-0240976 C1; U.S. Patent Publication No.
2009-0287074-A1; U.S. Patent Publication No. 2010-0261987-A1; U.S. Patent Publication No.
2009-0299155-A1; U.S. Patent Publication No. 2010-0274107-A1; U.S. Patent Publication No.
2009-0299156-A1; U.S. Patent Publication No. 2010-0280341-A1; U.S. Patent Publication No.
2009-0299162-A1; U.S. Patent Publication No. 2010-0286496-A1; U.S. Patent Publication No.
2010-0010331-A1; U.S. Patent Publication No. 75 2010-0298684-A1; U.S. Patent Publication No.
2010-0010332-A1; U.S. Patent Publication No. 2010-0324403-A1; U.S. Patent Publication No.
2010-0016687-A1; U.S. Patent Publication No. 2010-0331656-A1; U.S. Patent Publication No.
2010-0016698-A1; U.S. Patent Publication No. 2010-0331657-A1; U.S. Patent Publication No.
2010-0030484-A1; U.S. Patent Publication No. 2011-0004085-A1; U.S. Patent Publication No.
2010-0036215-A1; U.S. Patent Publication No. 20 2011-0009727-A1; U.S. Patent Publication No.
2010-0036225-A1; U.S. Patent Publication No. 2011-0024043-A1; U.S. Patent Publication No.
2010-0041971-A1; U.S. Patent Publication No. 2011-0024307-A1; U.S. Patent Publication No.
2010-0045465-A1; U.S. Patent Publication No. 2011-0027127-A1; U.S. Patent Publication No.
2010-0049024-A1; U.S. Patent Publication No. 2011-0027453-A1; U.S. Patent Publication No.
2010-0076283-A1; U.S. Patent Publication No. 25 2011-0027458-A1; U.S. Patent Publication No.
2010-0081908-A1; U.S. Patent Publication No. 2011-0028815-A1; U.S. Patent Publication No.
2010-0081910-A1; U.S. Patent Publication No. 2011-0028816-A1; U.S. Patent Publication No.
2010-0087724-A1; U.S. Patent Publication No. 2011-0046467-A1; U.S. Patent Publication No.
2010-0096259-A1; U.S. Patent Publication No. 2011-0077490-A1; U.S. Patent Publication No.
2010-0121169-A1; U.S. Patent Publication No. 30 2011-0118579-A1; U.S. Patent Publication No.
2010-0161269-A1; U.S. Patent Publication No. 2011-0124992-A1; U.S. Patent Publication No.
2010-0168540-A1; U.S. Patent Publication No. 2011-0125410-A1; U.S. Patent Publication No.
2010-0168541-A1; U.S. Patent Publication No. 2011-0130970-A1; U.S. Patent Publication No.
2010-0168542-A1; U.S. Patent Publication No. 2011-0130971-A1; U.S. Patent Publication No.
2010-0168543-A1; U.S. Patent Publication No. 35 2011-0130998-A1; U.S. Patent Publication No.
2010-0168544-A1; U.S. Patent Publication No. 2011-0144465-A1; U.S. Patent Publication No.
2010-0168545-A1; U.S. Patent Publication No. 2011-0178378-A1; U.S. Patent Publication No.
2010-0168546-A1; U.S. Patent Publication No. 2011-0190614-A1; U.S. Patent Publication No.
2010-0168657-A1; U.S. Patent Publication No. 2011-0201910-A1; U.S. Patent Publication No.
2010-0174157-A1; U.S. Patent Publication No. 40 2011-0201911-A1; U.S. Patent Publication No.
2010-0174158-A1; U.S. Patent Publication No. 2011-0218414-A1; U.S. Patent Publication No.
2010-0174163-A1; U.S. Patent Publication No. 2011-0231140-A1; U.S. Patent Publication No.
2010-0174164-A1; U.S. Patent Publication No. 2011-0231141-A1; U.S. Patent Publication No.
2010-0174165-A1; U.S. Patent Publication No. 2011-0231142-A1; U.S. Patent Publication No.
2010-0174166-A1; U.S. Patent Publication No. 45 2011-0253533-A1; U.S. Patent Publication No.
2010-0174167-A1; U.S. Patent Publication No. 2011-0263958-A1; U.S. Patent Publication No.
2010-0179401-A1; U.S. Patent Publication No. 2011-0270062-A1; U.S. Patent Publication No.
2010-0179402-A1; U.S. Patent Publication No. 2011-0270158-A1; U.S. Patent Publication No.
2010-0179404-A1; U.S. Patent Publication No. 2011-0275919-A1; U.S. Patent Publication No.
2010-0179408-A1; U.S. Patent Publication No. 50 2011-0290645-A1; U.S. Patent Publication No.
2010-0179409-A1; U.S. Patent Publication No. 2011-0313543-A1; U.S. Patent Publication No.
2010-0185065-A1; U.S. Patent Publication No. 2011-0320130-A1; U.S. Patent Publication No.
2010-0185069-A1; U.S. Patent Publication No. 2012-0035445-A1; U.S. Patent Publication No.
2010-0185070-A1; U.S. Patent Publication No. 2012-0040101-A1; U.S. Patent Publication No.
2010-0185071-A1; U.S. Patent Publication No. 55 2012-0046534-A1; U.S. Patent Publication No.
2010-0185075-A1; U.S. Patent Publication No. 2012-0078071-A1; U.S. Patent Publication No.
2010-0191082-A1; U.S. Patent Publication No. 2012-0108934-A1; U.S. Patent Publication No.
2010-0198035-A1; U.S. Patent Publication No. 2012-0130214-A1; U.S. Patent Publication No.
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2012-0172691-A1; U.S. Patent Publication No. 2013-0245412-A1; U.S. Patent Publication No.
2012-0179014-A1; U.S. Patent Publication No. 2014-0088389-A1; U.S. Patent Publication No.
2012-0186581-A1; U.S. Patent Publication No. 2014-0005505-A1; U.S. Patent Publication No.
2012-0190953-A1; U.S. Patent Publication No. 2013-0325504-A1; U.S. Patent Publication No.
2012-0191063-A1; U.S. Patent Publication No. 5 2013-0321425-A1; and U.S. Patent Publication No.
2012-0203467-A1; U.S. Patent Publication No. 2014-0129151-A1.

2012-0209098-A1; U.S. Patent Publication No. [0410] The above description presents the best mode
2012-0215086-A1; U.S. Patent Publication No. contemplated for carrying out the present invention, and
2012-0215087-A1; U.S. Patent Publication No. of the manner and process of making and usingit, in such
2012-0215201-A1; U.S. Patent Publication No. 70 full, clear, concise, and exact terms as to enable any
2012-0215461-A1; U.S. Patent Publication No. person skilled in the art to which it pertains to make and
2012-0215462-A1; U.S. Patent Publication No. use thisinvention. This invention is, however, susceptible
2012-0215496-A1; U.S. Patent Publication No. to modifications and alternate constructions from that dis-
2012-0220979-A1; U.S. Patent Publication No. cussed above that are fully equivalent. Consequently,
2012-0226121-A1; U.S. Patent Publication No. 75 thisinvention is notlimited to the particular embodiments
2012-0228134-A1; U.S. Patent Publication No. disclosed. On the contrary, this invention covers all mod-
2012-0238852-A1; U.S. Patent Publication No. ifications and alternate constructions coming within the
2012-0245448-A1; U.S. Patent Publication No. scope of the invention as generally expressed by the fol-
2012-0245855-A1; U.S. Patent Publication No. lowing claims, which particularly point out and distinctly
2012-0255875-A1; U.S. Patent Publication No. 20 claim the subject matter of the invention. While the dis-
2012-0258748-A1; U.S. Patent Publication No. closure has beenillustrated and described in detail in the
2012-0259191-A1; U.S. Patent Publication No. drawings and foregoing description, such illustration and
2012-0260323-A1; U.S. Patent Publication No. description are to be considered illustrative or exemplary
2012-0262298-A1; U.S. Patent Publication No. and not restrictive.

2012-0265035-A1; U.S. Patent Publication No. 25 [0411] Unless otherwise defined, all terms (including
2012-0265036-A1; U.S. Patent Publication No. technical and scientific terms) are to be given their ordi-
2012-0265037-A1; U.S. Patent Publication No. nary and customary meaning to a person of ordinary skill
2012-0277562-A1; U.S. Patent Publication No. in the art, and are not to be limited to a special or cus-
2012-0277566-A1; U.S. Patent Publication No. tomized meaning unless expressly so defined herein. It
2012-0283541-A1; U.S. Patent Publication No. 30 should be noted that the use of particular terminology
2012-0283543-A1; U.S. Patent Publication No. when describing certain features or aspects of the dis-
2012-0296311-A1; U.S. Patent Publication No. closure should not be taken to imply that the terminology
2012-0302854-A1; U.S. Patent Publication No. is being re-defined herein to be restricted to include any
2012-0302855-A1; U.S. Patent Publication No. specific characteristics of the features or aspects of the
2012-0323100-A1; U.S. Patent Publication No. 35 disclosure with which that terminology is associated.
2013-0012798-A1; U.S. Patent Publication No. Terms and phrases used in this application, and varia-
2013-0030273-A1; U.S. Patent Publication No. tions thereof, especially in the appended claims, unless
2013-0035575-A1; U.S. Patent Publication No. otherwise expressly stated, should be construed as open
2013-0035865-A1; U.S. Patent Publication No. ended as opposed to limiting. As examples of the fore-
2013-0035871-A1; U.S. Patent Publication No. 40 going, the term ’including’ should be read to mean ’in-
2005-0056552-A1; U.S. Patent Publication No. cluding, without limitation,” ’including but not limited to,’
2005-0182451-A1; U.S. Patent Publication No. or the like; the term ’comprising’ as used herein is syn-
2013-0536650-A1; U.S. Patent Publication No. onymous with ’including,’ ’containing,” or 'characterized
2013-0053666-A1; U.S. Patent Publication No. by, and is inclusive or open-ended and does not exclude
2010-0331644-A1; U.S. Patent Publication No. 45 additional, unrecited elements or method steps; the term
2013-0053665-A1; U.S. Patent Publication No. ’having’ should be interpreted as ’having at least;’ the
2013-0053666-A1; U.S. Patent Publication No. term ’includes’ should be interpreted as ’includes but is
2013-0060112-A1; U.S. Patent Publication No. not limited to;’ the term ’example’ is used to provide ex-
2013-0078912-A1; U.S. Patent Publication No. emplary instances of the item in discussion, not an ex-
2013-0076531-A1; U.S. Patent Publication No. 50 haustive or limiting list thereof, adjectives such as
2013-0076532-A1; U.S. Patent Publication No. ’known’, 'normal’, ’standard’, and terms of similar mean-
2013-0131478-A1; U.S. Patent Publication No. ing should notbe construed as limiting the item described
2014-0182350-A1; U.S. Patent Publication No. to a given time period or to an item available as of a given
2014-0188402-A1; U.S. Patent Publication No. time, but instead should be read to encompass known,
2013-0150692-A1; U.S. Patent Publication No. 55 normal, or standard technologies that may be available
2014-0005508-A1; U.S. Patent Publication No. or known now or at any time in the future; and use of
2014-0094671-A1; U.S. Patent Publication No. terms like ‘preferably,” 'preferred,” 'desired,” or 'desira-
2014-0107450-A1; U.S. Patent Publication No. ble,” and words of similar meaning should not be under-
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stood as implying that certain features are critical, essen-
tial, or even important to the structure or function of the
invention, but instead as merely intended to highlight al-
ternative or additional features that may or may not be

EP 3 928 688 B1

120

sense one having skill in the art would understand the
convention (e.g., 'a system having at least one of A, B,
and C’ would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and

utilized in a particular embodiment of the invention. Like- 5 Ctogether, B and C together, and/or A, B, and C together,
wise, a group of items linked with the conjunction ’and’ etc.). In those instances where a convention analogous
should not be read as requiring that each and every one to’atleastone of A, B, or C, etc.’ is used, in general such
of those items be present in the grouping, but rather a construction is intended in the sense one having skill
should be read as 'and/or’ unless expressly stated oth- in the art would understand the convention (e.g., 'a sys-
erwise. Similarly, a group of items linked with the con- 70 tem having at least one of A, B, or C’ would include but
junction 'or’ should not be read as requiring mutual ex- not be limited to systems that have A alone, B alone, C
clusivity among that group, but rather should be read as alone, A and B together, A and C together, B and C to-
"and/or’ unless expressly stated otherwise. gether, and/or A, B, and C together, etc.). It will be further
[0412] Where a range of values is provided, it is un- understood by those within the art that virtually any dis-
derstood that the upper and lower limit, and each inter- 75 junctive word and/or phrase presenting two or more al-
vening value between the upper and lower limit of the ternative terms, whether in the description, claims, or
range is encompassed within the embodiments. drawings, should be understood to contemplate the pos-
[0413] With respect to the use of substantially any plu- sibilities of including one of the terms, either of the terms,
ral and/or singular terms herein, those having skill in the or both terms. For example, the phrase 'A or B’ will be
art can translate from the plural to the singular and/or 20 understood to include the possibilities of 'A’ or ‘B’ or 'A
from the singular to the plural as is appropriate to the and B.’
context and/or application. The various singular/plural [0415] All numbers expressing quantities of ingredi-
permutations may be expressly set forth herein for sake ents, reaction conditions, and so forth used in the spec-
of clarity. The indefinite article 'a’ or 'an’ does not exclude ification are to be understood as being modified in all
a plurality. A single processor or other unit may fulfill the 25 instances by the term ’about.” Accordingly, unless indi-
functions of several items recited in the claims. The mere cated to the contrary, the numerical parameters set forth
factthat certain measures are recited in mutually different herein are approximations that may vary depending upon
dependent claims does not indicate that a combination the desired properties sought to be obtained. At the very
of these measures cannot be used to advantage. Any least, and not as an attempt to limit the application of the
reference signs in the claims should not be construed as 30  doctrine of equivalents to the scope of any claims in any
limiting the scope. application claiming priority to the present application,
[0414] It will be further understood by those within the each numerical parameter should be construed in light
art that if a specific number of an introduced claim reci- of the number of significant digits and ordinary rounding
tation is intended, such an intent will be explicitly recited approaches.
in the claim, and in the absence of such recitation no 35 [0416] Furthermore, although the foregoing has been
such intent is present. For example, as an aid to under- described in some detail by way of illustrations and ex-
standing, the following appended claims may contain us- amples for purposes of clarity and understanding, it is
age of the introductory phrases 'at least one’ and 'one or apparent to those skilled in the art that certain changes
more’ to introduce claim recitations. However, the use of and modifications may be practiced. Therefore, the de-
such phrases should not be construed to imply that the 40 scription and examples should not be construed as lim-
introduction of a claim recitation by the indefinite articles iting the scope of the invention to the specific embodi-
‘a’ or 'an’ limits any particular claim containing such in- ments and examples described herein, but rather to also
troduced claim recitation to embodiments containing only cover all modification and alternatives coming with the
one such recitation, even when the same claim includes true scope of the invention.
the introductory phrases ‘one or more’ or ’at least one’ 45
and indefinite articles such as 'a’ or 'an’ (e.g., 'a’ and/or
‘an’ should typically be interpreted to mean ’at least one’ Claims
or ’one or more’); the same holds true for the use of def-
inite articles used to introduce claim recitations. In addi- 1. A needle hub and an on-skin sensor assembly,
tion, even if a specific number of an introduced claim 50 wherein the needle hub is configured to apply the
recitation is explicitly recited, those skilled in the art will on-skin sensor assembly to a skin of a host, the nee-
recognize that such recitation should typically be inter- dle hub comprising:
preted to mean at least the recited number (e.g., the bare
recitation of 'two recitations,’ without other modifiers, typ- a base (7172) comprising an anti-rotation fea-
ically means at least two recitations, or two or more rec- 55 ture, the base (7172) configured to be at least
itations). Furthermore, in those instances where a con- partially disposed in an aperture (396) of the on-
vention analogous to 'at least one of A, B, and C, etc.’ is skin sensor assembly (360), wherein the aper-
used, in general such a construction is intended in the ture (396) is adapted for sensor and needle in-
62
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sertion,

wherein the needle hub is configured to couple
with an insertion element (7174), and

wherein the anti-rotation feature is configured to
prevent rotation of the base (7172) within the
aperture (396).

The needle hub and an on-skin sensor assembly of
Claim 1, wherein the anti-rotation feature comprises
a key having a shape complementary to at least a
portion of the aperture.

The needle hub and an on-skin sensor assembly of
Claim 1, further comprising at least one upper arm.

The needle hub and an on-skin sensor assembly of
Claim 3, wherein the at least one upper arm is con-
figured to be disposed through an aperture in a nee-
dle carrier assembly of an applicator.

The needle hub and an on-skin sensor assembly of
Claim 4, wherein the at least one upper arm is con-
figured to contact an upper surface of the needle
carrier assembly adjacent to the aperture in the nee-
dle carrier assembly.

The needle hub and an on-skin sensor assembly of
Claim 5, wherein the at least one upper arm is con-
figured to be disposed in a groove in the upper sur-
face of the needle carrier assembly, thereby immo-
bilizing the needle hub with respect to the needle
carrier assembly.

The needle hub and an on-skin sensor assembly of
Claim 3, wherein the at least one upper arm is flex-
ible.

The needle hub and an on-skin sensor assembly of
Claim 3, wherein the at least one upper arm is con-
figured to flex radially inward.

The needle hub and an on-skin sensor assembly of
Claim 3, further comprising at least one lower arm.

The needle hub and an on-skin sensor assembly of
Claim 9, wherein the at least one lower arm is con-
figured to contact a lower surface of the needle car-
rier assembly adjacent to an aperture in the needle
carrier assembly.

The needle hub and an on-skin sensor assembly of
Claim 1, wherein the insertion element comprises a
needle.

The needle hub and an on-skin sensor assembly of
Claim 11, wherein the needle comprises an open
side configured to receive a sensor of the on-skin
sensor assembly.
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The needle hub and an on-skin sensor assembly of
Claim 1, wherein the base comprises a flat surface
configured to mate with a top surface of the on-skin
sensor assembly, thereby maintaining the insertion
element in a substantially perpendicular orientation
to the top surface of the on-skin sensor assembly.

The needle hub and an on-skin sensor assembly of
Claim 1, wherein the insertion element (7174) com-
prises:

a locking feature comprising a ridge configured
to mate with a complementary-shaped feature
within the needle hub;

a locking feature comprising a groove config-
ured to mate with a complementary-shaped fea-
ture within the needle hub;

a locking feature that heat stakes the insertion
element to the needle hub;

a locking element comprising one or more fric-
tion-fit or snap-fit elements securing the inser-
tion element to the needle hub;

a locking feature comprising complementary
clamshell elements on theinsertion elementand
the needle hub configured to mate with one an-
other; or

a locking element comprising one or more in-
serted molded elements configured to couple
the insertion element to the needle hub.

The needle hub and an on-skin sensor assembly of
Claim 1, wherein the on-skin sensor assembly (360)
comprises an electronics unit.

Patentanspriiche

1.

Nadelnabe und eine auf der Haut befindliche Sen-
soranordnung, wobei die Nadelnabe so konfiguriert
ist, dass sie die auf der Haut befindliche Sensoran-
ordnung auf der Haut eines Patienten ansetzt, wobei
die Nadelnabe Folgendes umfasst:

eine Basis (7172), die ein Drehsicherungsmerk-
mal umfasst, wobei die Basis (7172) so konfi-
guriertist, dass sie mindestens teilweise in einer
Offnung (396) der auf der Haut befindlichen
Sensoranordnung (360) angeordnet ist, wobei
die Offnung (396) zum Einfiihren des Sensors
und der Nadel angepasst ist,

wobei die Nadelnabe so konfiguriertist, dass sie
mit einem Einfiihrelement (7174) gekoppelt
wird, und

wobei das Drehsicherungsmerkmal so konfigu-
riert ist, dass es eine Drehung der Basis (7172)
innerhalb der Offnung (396) verhindert.

2. Nadelnabe und auf der Haut befindliche Sensoran-
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ordnung nach Anspruch 1, wobei das Drehsiche-
rungsmerkmal einen Schliissel umfasst, der eine
Form aufweist, die mindestens zu einem Abschnitt
der Offnung komplementér ist.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 1, die mindestens einen
oberen Arm umfasst.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 3, wobei der mindestens
eine obere Arm so konfiguriertist, dass er durch eine
Offnung in einer Nadeltrageranordnung eines Appli-
kators angeordnet werden kann.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 4, wobei der mindestens
eine obere Arm so konfiguriertist, dass ereine obere
Oberflache der Nadeltrageranordnung angrenzend
andie Offnung in der Nadeltrédgeranordnung beriihrt.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 5, wobei der mindestens
eine obere Arm so konfiguriert ist, dass er in einer
Nutin der oberen Oberflache der Nadeltrageranord-
nung angeordnet wird, wodurch die Nadelnabe in
Bezug auf die Nadeltrageranordnung immobilisiert
wird.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 3, wobei der mindestens
eine obere Arm flexibel ist.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 3, wobei der mindestens
eine obere Arm so konfiguriert ist, dass er sich radial
nach innen biegt.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 3, die ferner mindestens ei-
nen unteren Arm umfasst.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 9, wobei der mindestens
eine untere Arm so konfiguriert ist, dass er eine un-
tere Oberflache der Nadeltrageranordnung berthrt,
die an eine Offnung in der Nadeltrdgeranordnung
angrenzt.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 1, wobei das Einfihrele-
ment eine Nadel umfasst.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 11, wobei die Nadel eine
offene Seite umfasst, die zur Aufnahme eines Sen-
sors der auf der Haut befindlichen Sensoranordnung
konfiguriert ist.
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Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 1, wobei die Basis eine fla-
che Oberflache umfasst, die so konfiguriert ist, dass
sie mit einer oberen Oberflache der auf der Haut
befindlichen Sensoranordnung zusammenpasst,
wodurch das Einfiihrelement in einer im Wesentli-
chen senkrechten Ausrichtung zur oberen Oberfla-
che der auf der Haut befindlichen Sensoranordnung
gehalten wird.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 1, wobei das Einfihrele-
ment (7174) Folgendes umfasst:

ein Verriegelungsmerkmal, das einen Steg um-
fasst, der so konfiguriert ist, dass er mit einem
komplementar geformten Merkmal innerhalb
der Nadelnabe zusammenpasst;

ein Verriegelungsmerkmal, das eine Nut um-
fasst, die so konfiguriert ist, dass sie mit einem
komplementar geformten Merkmal innerhalb
der Nadelnabe zusammenpasst;

ein Verriegelungsmerkmal, das das Einflihrele-
ment mit der Nadelnabe thermisch verankert;
ein Verriegelungselement, das ein oder mehre-
re Reib- oder Schnappverbindungselemente
umfasst, die das Einfiihrelement an der Nadel-
nabe befestigen;

ein Verriegelungsmerkmal, das komplementare
Greiferelemente auf dem Einfiihrelement und
der Nadelnabe umfasst, die so konfiguriert sind,
dass sie zusammenpassen; oder

ein Verriegelungselement, das ein oder mehre-
re eingefuhrte Formelemente umfasst, die so
konfiguriert sind, dass sie das Einfuhrelement
mit der Nadelnabe koppeln.

Nadelnabe und auf der Haut befindliche Sensoran-
ordnung nach Anspruch 1, wobei die auf der Haut
befindliche Sensoranordnung (360) eine Elektroni-
keinheit umfasst.

Revendications

Raccord d’aiguille et un ensemble capteur sur la
peau, leraccord d’aiguille étant congu pour appliquer
I'ensemble capteur surla peau a une peau d’un hobte,
le raccord d’aiguille comprenant :

une base (7172) comprenant un dispositif anti-
rotation, la base (7172) étant congue pour étre
au moins partiellement disposée dans une
ouverture (396) de I'ensemble capteur sur la
peau (360), 'ouverture (396) étant adaptée a
I'insertion du capteur et de l'aiguille,

dans lequel le raccord d’aiguille est congu pour
s’accoupler avec un élément d’insertion (7174),
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et

dans lequel le dispositif antirotation est congu
pour empécher la rotation de la base (7172) a
l'intérieur de I'ouverture (396).

Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 1, dans lequel le dispo-
sitif antirotation comprend une clé présentant une
forme complémentaire a au moins une partie de
I'ouverture.

Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 1, comprenant en outre
au moins un bras supérieur.

Raccord d’aiguille et un ensemble capteur sur la
peau selon larevendication 3, dans lequel I'au moins
un bras supérieur est congu pour étre disposé a tra-
vers une ouverture dans un ensemble support
d’aiguille d’un applicateur.

Raccord d’aiguille et un ensemble capteur sur la
peau selon larevendication 4, dans lequel I'au moins
un bras supérieur est congu pour entrer en contact
avec une surface supérieure de I'ensemble support
d’aiguille adjacente a I'ouverture dans I'ensemble
support d’aiguille.

Raccord d’aiguille et un ensemble capteur sur la
peau selon larevendication 5, dans lequel I'au moins
un bras supérieur est congu pour étre disposé dans
une rainure dans la surface supérieure de 'ensem-
ble support d’aiguille, immobilisant ainsi le raccord
d’aiguille par rapport a I'ensemble support d’aiguille.

Raccord d’aiguille et un ensemble capteur sur la
peau selon larevendication 3, dans lequel 'au moins
un bras supérieur est flexible.

Raccord d’aiguille et un ensemble capteur sur la
peau selon larevendication 3, dans lequel I'au moins
un bras supérieur est congu pour fléchir de maniére
radiale vers l'intérieur.

Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 3, comprenant en outre
au moins un bras inférieur.

Raccord d’aiguille et un ensemble capteur sur la
peau selon larevendication 9, dans lequel I'au moins
un bras inférieur est congu pour entrer en contact
avec une surface inférieure de I'ensemble support
d’aiguille adjacente aune ouverture dans ’'ensemble
support d’aiguille.

Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 1, dans lequel I'élément
d’insertion comprend une aiguille.
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Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 11, dans lequel l'aiguille
comprend un c6té ouvert congu pour recevoir un
capteur de I'ensemble capteur sur la peau.

Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 1, dans lequel la base
comprend une surface plate congue pour s’accou-
pler avec une surface supérieure de 'ensemble cap-
teur sur la peau, maintenant ainsi I'élément d’inser-
tion dans une orientation sensiblement perpendicu-
laire a la surface supérieure de 'ensemble capteur
sur la peau.

Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 1, dans lequel I'élément
d’insertion (7174) comprend :

un dispositif de verrouillage comprenant une
aréte congue pour s’accoupler avec un dispositif
de forme complémentaire a lintérieur du rac-
cord d’aiguille ;

un dispositif de verrouillage comprenant une rai-
nure congue pour s’accoupler avec un dispositif
de forme complémentaire a l'intérieur du rac-
cord d’aiguille ;

un dispositif de verrouillage permettant la fixa-
tion thermique de I'élément d’insertion au rac-
cord d’aiguille ;

un élément de verrouillage comprenant un ou
plusieurs éléments aptes a la friction ou aptes
a l'encliquetage fixant I'élément d’insertion au
raccord d’aiguille ;

un dispositif de verrouillage comprenant des
éléements de paupiére complémentaires sur
I'’élément d’insertion et le raccord d’aiguille con-
gus pour s’accoupler I'un avec l'autre ; ou

un dispositif de verrouillage comprenant un ou
plusieurs éléments moulés insérés congus pour
relier I'élément d’insertion au raccord d’aiguille.

Raccord d’aiguille et un ensemble capteur sur la
peau selon la revendication 1, dans lequel 'ensem-
ble capteur sur la peau (360) comprend une unité
électronique.
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FIG. 2B
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FIG. 4
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6502~ a3

Provide an applicator comprising an applicator housing, a needle carrier
assembly comprising an insertion element configured to insert a sensor
of the on-skin assembly into the skin of the host, a holder releasably
coupled to the needle carrier assembly and configured to hold the on-
skin assembly while coupled to the needle carrier assembly, a drive
assembly, and an activation element

6504~ . 4

Activate the activation element, wherein activating the activation
element causes the drive assembly to drive the insertion element in a
distal direction to a distal insertion position and in a proximal direction

from the distal insertion position to a proximal retraction position,

thereby inserting the sensor of the on-skin sensor assembly into the
skin of the host

FIG. 65
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8900

8902~

Provide an applicator comprising a housing having an activation
element, an insertion assembly, and a retraction assembly

8904~ !

Activate the activation element, wherein activating the activation
element causes the insertion assembly 1o translate a needle carrier
assembly and the on-skin sensor assembly in a distal direction from
a proximal position to a distal insertion position, thereby inserting a
sensor of the on-skin sensor assembly at least partially into the skin

of the host, and the retraction assembly to translate the needle carrier
assembly in a proximal direction from the distal insertion position fo
a proximal retracted position, the retraction assembly configured to
activate in response to on-skin sensor assembly contacting the
skin of the host

FIG. 89

149

ABBOTT Exhibit 2003

Page 149 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.
IPR2024-00520



EP 3 928 688 B1

- 7444b
{7442

74448 | penidlil
74468 ~J/ |

~—7446b

S 7128

FIG. 90
9160
Ty
9126 — 9150
9296
T 9162b
I

o162a—" Wi\
AN

9204 \

150

ABBOTT Exhibit 2003

Page 150 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.
IPR2024-00520



EP 3 928 688 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

US 62524247 [0001]
US 62658486 [0001]

US 20100022863 A1 [0004]

US 20110027127 A1 [0065] [0409]
US 6565509 B [0065]

US 6579690 B [0065]

US 6484046 B [0065]

US 20050203360 A1 [0066] [0072]
US 20090192745 A1 [0066]

US 20090240120 A1 [0071] [0409]
US 20120078071 A1 [0071] [0409]
US 7310544 B [0072] [0408]

US 6931327 B [0072] [0408]

US 20050043598 A1 [0072]

US 20070032706 A1 [0072] [0409]
US 20070016381 A1 [0072]

US 20080033254 A1 [0072]

US 20050154271 A1 [0072]

US 20050192557 A1 [0072]

US 20060222566 A1 [0072]

US 20070203966 A1 [0072]

US 20070208245 A1 [0072] [0409]
US 7497827 B [0073] [0408]

US 8828201 B [0073]

US 83560315 [0078]

US 9357951 B [0094]

US 20140107450 A [0094]

US 20150289788 A [0094]

US 387088 [0240] [0400]

US 011527 A [0256] [0333]

US 011527 [0312] [0385] [0386] [0387] [0388]

[0389] [0390]

US 4757022 A [0408]
US 4994167 A [0408]
US 6001067 A [0408]
US 6558321 B [0408]
US 6702857 B [0408]
US 6741877 B [0408]
US 6862465 B [0408]
US 7074307 B [0408]
US 7081195 B [0408]
US 7108778 B [0408]
US 7110803 B [0408]
US 7134999 B [0408]
US 7136689 B [0408]
US 7192450 B [0408]
US 7226978 B [0408]
US 7276029 B [0408]
US 7364592 B [0408]

151

US 7366556 B [0408]
US 7379765 B [0408]
US 7424318 B [0408]
US 7460898 B [0408]
US 7467003 B [0408]
US 7471972 B [0408]
US 7494465 B [0408]
US 7519408 B [0408]
US 7583990 B [0408]
US 7591801 B [0408]
US 7599726 B [0408]
US 7613491 B [0408]
US 7615007 B [0408]
US 7632228 B [0408]
US 7637868 B [0408]
US 7640048 B [0408]
US 7651596 B [0408]
US 7654956 B [0408]
US 7657297 B [0408]
US 7711402 B [0408]
US 7713574 B [0408]
US 7715893 B [0408]
US 7761130 B [0408]
US 7771352 B [0408]
US 7774145 B [0408]
US 7775975 B [0408]
US 7778680 B [0408]
US 7783333 B [0408]
US 7792562 B [0408]
US 7797028 B [0408]
US 7826981 B [0408]
US 7828728 B [0408]
US 7831287 B [0408]
US 7835777 B [0408]
US 7857760 B [0408]
US 7860545 B [0408]
US 7875293 B [0408]
US 7881763 B [0408]
US 7885697 B [0408]
US 7896809 B [0408]
US 7899511 B [0408]
US 7901354 B [0408]
US 7905833 B [0408]
US 7914450 B [0408]
US 7917186 B [0408]
US 7920906 B [0408]
US 7925321 B [0408]
US 7927274 B [0408]
US 7933639 B [0408]

ABBOTT Exhibit 2003

Page 151 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.

IPR2024-00520



US 7935057 B [0408]
US 7946984 B [0408]
US 7949381 B [0408]
US 7955261 B [0408]
US 7959569 B [0408]
US 7970448 B [0408]
US 7974672 B [0408]
US 7976492 B [0408]
US 7979104 B [0408]
US 7986986 B [0408]
US 7998071 B [0408]
US 8000901 B [0408]
US 8005524 B [0408]
US 8005525 B [0408]
US 8010174 B [0408]
US 8027708 B [0408]
US 8050731 B [0408]
US 8052601 B [0408]
US 8053018 B [0408]
US 8060173 B [0408]
US 8060174 B [0408]
US 8064977 B [0408]
US 8073519 B [0408]
US 8073520 B [0408]
US 8118877 B [0408]
US 8128562 B [0408]
US 8133178 B [0408]
US 8150488 B [0408]
US 8155723 B [0408]
US 8160669 B [0408]
US 8160671 B [0408]
US 8167801 B [0408]
US 8170803 B [0408]
US 8195265 B [0408]
US 8206297 B [0408]
US 8216139 B [0408]
US 8229534 B [0408]
US 8229535 B [0408]
US 8229536 B [0408]
US 8231531 B [0408]
US 8233958 B [0408]
US 8233959 B [0408]
US 8249684 B [0408]
US 8251906 B [0408]
US 8255030 B [0408]
US 8255032 B [0408]
US 8255033 B [0408]
US 8257259 B [0408]
US 8260393 B [0408]
US 8265725 B [0408]
US 8275437 B [0408]
US 8275438 B [0408]
US 8277713 B [0408]
US 8280475 B [0408]
US 8282549 B [0408]
US 8282550 B [0408]
US 8285354 B [0408]
US 8287453 B [0408]

EP 3 928 688 B1

152

US 8290559 B [0408]

US 8290560 B [0408]

US 8290561 B [0408]

US 8290562 B [0408]

US 8292810 B [0408]

US 8298142 B [0408]

US 8311749 B [0408]

US 8313434 B [0408]

US 8321149 B [0408]

US 8332008 B [0408]

US 8346338 B [0408]

US 8364229 B [0408]

US 8369919 B [0408]

US 8374667 B [0408]

US 8386004 B [0408]

US 8394021 B [0408]

US 8527025 B [0408]

US 9119528 B [0408]

US 9119529 B [0408]

US 20030032874 A1 [0409]
US 20050033132 A1 [0409]
US 20050051427 A1 [0409]
US 20050090607 A1 [0409]
US 20050176136 A1 [0409]
US 20050245799 A1 [0409]
US 20060015020 A1 [0409]
US 20060016700 A1 [0409]
US 20060020188 A1 [0409]
US 20060020190 A1 [0409]
US 20060020191 A1 [0409]
US 20060020192 A1 [0409]
US 20060036140 A1 [0409]
US 20060036143 A1 [0409]
US 20060040402 A1 [0409]
US 20060068208 A1 [0409]
US 20060142651 A1 [0409]
US 20060155180 A1 [0409]
US 20060198864 A1 [0409]
US 20060200020 A1 [0409]
US 20060200022 A1 [0409]
US 20060200970 A1 [0409]
US 20060204536 A1 [0409]
US 20060224108 A1 [0409]
US 20060235285 A1 [0409]
US 20060249381 A1 [0409]
US 20060252027 A1 [0409]
US 20060253012 A1 [0409]
US 20060257995 A1 [0409]
US 20060258761 A1 [0409]
US 20060263763 A1 [0409]
US 20060270922 A1 [0409]
US 20060270923 A1 [0409]
US 20070027370 A1 [0409]
US 20070032718 A1 [0409]
US 20070045902 A1 [0409]
US 20070059196 A [0409]
US 20070066873 A1 [0409]
US 20070173709 A1 [0409]

ABBOTT Exhibit 2003
Page 152 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.

IPR2024-00520



US 20070173710 A1 [0409]
US 20070208246 A1 [0409]
US 20070232879 A1 [0409]
US 20080045824 A1 [0409]
US 20080083617 A1 [0409]
US 20080086044 A1 [0409]
US 20080108942 A1 [0409]
US 20080119703 A1 [0409]
US 20080119704 A1 [0409]
US 20080119706 A1 [0409]
US 20080183061 A1 [0409]
US 20080183399 A1 [0409]
US 20080188731 A1 [0409]
US 20080189051 A1 [0409]
US 20080194938 A1 [0409]
US 20080197024 A1 [0409]
US 20080200788 A1 [0409]
US 20080200789 A1 [0409]
US 20080200791 A1 [0409]
US 20080214915 A1 [0409]
US 20080228054 A1 [0409]
US 20080242961 A1 [0409]
US 20080262469 A1 [0409]
US 20080275313 A1 [0409]
US 20080287765 A1 [0409]
US 20080306368 A1 [0409]
US 20080306434 A1 [0409]
US 20080306435 A1 [0409]
US 20080306444 A1 [0409]
US 20090018424 A1 [0409]
US 20090030294 A1 [0409]
US 20090036758 A1 [0409]
US 20090036763 A1 [0409]
US 20090043181 A1 [0409]
US 20090043182 A1 [0409]
US 20090043525 A1 [0409]
US 20090045055 A1 [0409]
US 20090062633 A1 [0409]
US 20090062635 A1 [0409]
US 20090076360 A1 [0409]
US 20090099436 A1 [0409]
US 20090124877 A1 [0409]
US 20090124879 A1 [0409]
US 20090124964 A1 [0409]
US 20090131769 A1 [0409]
US 20090131777 A1 [0409]
US 20090137886 A1 [0409]
US 20090137887 A1 [0409]
US 20090143659 A1 [0409]
US 20090143660 A1 [0409]
US 20090156919 A1 [0409]
US 20090163790 A1 [0409]
US 20090178459 A1 [0409]
US 20090192366 A1 [0409]
US 20090192380 A1 [0409]
US 20090192722 A1 [0409]
US 20090192724 A1 [0409]
US 20090192751 A1 [0409]

EP 3 928 688 B1

153

US 20090203981 A1 [0409]
US 20090216103 A1 [0409]
US 20090240193 A1 [0409]
US 20090242399 A1 [0409]
US 20090242425 A1 [0409]
US 20090247855 A1 [0409]
US 20090247856 A1 [0409]
US 20090287074 A1 [0409]
US 20090299155 A1 [0409]
US 20090299156 A1 [0409]
US 20090299162 A1 [0409]
US 20100010331 A1 [0409]
US 20100010332 A1 [0409]
US 20100016687 A1 [0409]
US 20100016698 A1 [0409]
US 20100030484 A1 [0409]
US 20100036215 A1 [0409]
US 20100036225 A1 [0409]
US 20100041971 A1 [0409]
US 20100045465 A1 [0409]
US 20100049024 A1 [0409]
US 20100076283 A1 [0409]
US 20100081908 A1 [0409]
US 20100081910 A1 [0409]
US 20100087724 A1 [0409]
US 20100096259 A1 [0409]
US 20100121169 A1 [0409]
US 20100161269 A1 [0409]
US 20100168540 A1 [0409]
US 20100168541 A1 [0409]
US 20100168542 A1 [0409]
US 20100168543 A1 [0409]
US 20100168544 A1 [0409]
US 20100168545 A1 [0409]
US 20100168546 A1 [0409]
US 20100168657 A1 [0409]
US 20100174157 A1 [0409]
US 20100174158 A1 [0409]
US 20100174163 A1 [0409]
US 20100174164 A1 [0409]
US 20100174165 A1 [0409]
US 20100174166 A1 [0409]
US 20100174167 A1 [0409]
US 20100179401 A1 [0409]
US 20100179402 A1 [0409]
US 20100179404 A1 [0409]
US 20100179408 A1 [0409]
US 20100179409 A1 [0409]
US 20100185065 A1 [0409]
US 20100185069 A1 [0409]
US 20100185070 A1 [0409]
US 20100185071 A1 [0409]
US 20100185075 A1 [0409]
US 20100191082 A1 [0409]
US 20100198035 A1 [0409]
US 20100198036 A1 [0409]
US 20100212583 A1 [0409]
US 20100217557 A1 [0409]

ABBOTT Exhibit 2003
Page 153 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.

IPR2024-00520



US 20100223013 A1 [0409]
US 20100223022 A1 [0409]
US 20100223023 A1 [0409]
US 20100228109 A1 [0409]
US 20100228497 A1 [0409]
US 20100240975 A1 [0409]
US 20100240976 C1 [0409]
US 20100261987 A1 [0409]
US 20100274107 A1 [0409]
US 20100280341 A1 [0409]
US 20100286496 A1 [0409]
US 20100298684 A1 [0409]
US 20100324403 A1 [0409]
US 20100331656 A1 [0409]
US 20100331657 A1 [0409]
US 20110004085 A1 [0409]
US 20110009727 A1 [0409]
US 20110024043 A1 [0409]
US 20110024307 A1 [0409]
US 20110027453 A1 [0409]
US 20110027458 A1 [0409]
US 20110028815 A1 [0409]
US 20110028816 A1 [0409]
US 20110046467 A1 [0409]
US 20110077490 A1 [0409]
US 20110118579 A1 [0409]
US 20110124992 A1 [0409]
US 20110125410 A1 [0409]
US 20110130970 A1 [0409]
US 20110130971 A1 [0409]
US 20110130998 A1 [0409]
US 20110144465 A1 [0409]
US 20110178378 A1 [0409]
US 20110190614 A1 [0409]
US 20110201910 A1 [0409]
US 20110201911 A1 [0409]
US 20110218414 A1 [0409]
US 20110231140 A1 [0409]
US 20110231141 A1 [0409]
US 20110231142 A1 [0409]
US 20110253533 A1 [0409]
US 20110263958 A1 [0409]
US 20110270062 A1 [0409]
US 20110270158 A1 [0409]
US 20110275919 A1 [0409]
US 20110290645 A1 [0409]
US 20110313543 A1 [0409]
US 20110320130 A1 [0409]
US 20120035445 A1 [0409]
US 20120040101 A1 [0409]
US 20120046534 A1 [0409]
US 20120108934 A1 [0409]
US 20120130214 A1 [0409]
US 20120172691 A1 [0409]
US 20120179014 A1 [0409]
US 20120186581 A1 [0409]
US 20120190953 A1 [0409]
US 20120191063 A1 [0409]

EP 3 928 688 B1

154

US 20120203467 A1 [0409]
US 20120209098 A1 [0409]
US 20120215086 A1 [0409]
US 20120215087 A1 [0409]
US 20120215201 A1 [0409]
US 20120215461 A1 [0409]
US 20120215462 A1 [0409]
US 20120215496 A1 [0409]
US 20120220979 A1 [0409]
US 20120226121 A1 [0409]
US 20120228134 A1 [0409]
US 20120238852 A1 [0409]
US 20120245448 A1 [0409]
US 20120245855 A1 [0409]
US 20120255875 A1 [0409]
US 20120258748 A1 [0409]
US 20120259191 A1 [0409]
US 20120260323 A1 [0409]
US 20120262298 A1 [0409]
US 20120265035 A1 [0409]
US 20120265036 A1 [0409]
US 20120265037 A1 [0409]
US 20120277562 A1 [0409]
US 20120277566 A1 [0409]
US 20120283541 A1 [0409]
US 20120283543 A1 [0409]
US 20120296311 A1 [0409]
US 20120302854 A1 [0409]
US 20120302855 A1 [0409]
US 20120323100 A1 [0409]
US 20130012798 A1 [0409]
US 20130030273 A1 [0409]
US 20130035575 A1 [0409]
US 20130035865 A1 [0409]
US 20130035871 A1 [0409]
US 20050056552 A1 [0409]
US 20050182451 A1 [0409]
US 20130536650 A1 [0409]
US 20130053666 A1 [0409]
US 20100331644 A1 [0409]
US 20130053665 A1 [0409]
US 20130060112 A1 [0409]
US 20130078912 A1 [0409]
US 20130076531 A1 [0409]
US 20130076532 A1 [0409]
US 20130131478 A1 [0409]
US 20140182350 A1 [0409]
US 20140188402 A1 [0409]
US 20130150692 A1 [0409]
US 20140005508 A1 [0409]
US 20140094671 A1 [0409]
US 20140107450 A1 [0409]
US 20130245412 A1 [0409]
US 20140088389 A1 [0409]
US 20140005505 A1 [0409]
US 20130325504 A1 [0409]
US 20130321425 A1 [0409]
US 20140129151 A1 [0409]

ABBOTT Exhibit 2003
Page 154 of 154

Dexcom, Inc. v. Abbott Diabetes Care Inc.

IPR2024-00520



	bibliography
	description
	claims
	drawings
	cited references



