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MULTIPLE TELESCOPING SCREW-DRIVEN PUMP WITH ANTI-ROTATION OF INNERMOST SCREW IN A FLUID DELIVERY
DEVICE

This application claims the benefit of U.S. provisional application Serial No.
63/066,851, filed August 18, 2020, the content of which 1s incorporated herein by reference

in ifs entirety.

BACKGROUND

Field:

G001 [Hustrative embodiments relate generally to pump mechanisms for use in fhud
delivery devices such as wearable medication infusion patches. flustrative cmbodiments
relate generally to nesting telescopic screws for controllably extending or retracting a plunger
driver in a syringe barrel-type reservoir that do not affect reservoir volume o cnsure
hiocompatibility, that are fully retractable outside reservoir, and are keved to the plunger for

anii-rotation control.

Description of Related Art:

G002 Tvpical drug delivery paich puop designs are challenged by the need achicve
small size, low power consurnption, accurate delivery, high rehability, and low
manufactiring costs. In addition, drug delivery patch pump designs cannot tmpact drug
quality. For example, the materials used for pump mechanism components that contact the

delivered fluid cannot present biocompatibility problemas.

THEIRY The above and other problems are overcome, and additional advantages are
realized, by sustrative embodiments.
[0004] Example embodiments of the present disclosure realize several advantages

such as minimizing the device size envelope or form factor, while retaining the beneticial
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features of highly rehiable and proven svstems such as medication pens and pen needles,
SYTINECS, OF MoTe expensive, non-portable pumping systems that employ a lead screw drive
mechanism,

j(3005] An aspect of tHustrative embodiments 18 {0 provide an improved and novel
nesting telescopic screw design that enables the use of syringe barrel-type drug containers or
strntlar reservorrs, which have been proven to be drug-friendly or blocompatible with drugs
and other fluids debivered via thud delivery devices.

0006} In accordance with tHustrative embodiments, a fluid delivery device is
provided that comprises a reservoir comprising an outlet port at a distal end, and plunger
movable along a tongitudinal axis of the reservoir. The plunger 18 configured to provide a seal
with respect to inner walls of the reservorr to prevent fluid provided in a fluid chamber
defined on a first side of the plunger and comprising the outlet port from leaking info a
portion of the reservoir defined by a second side of the plunger. The flud delivery device has
a plunger driver assembly mounted at a proximal end of the reservoir that comprises a
plurality of nested, telescoping screws that, when an cutermost drive serew is rotated, move
from a nested configuration that does not extend indo the reservoir to an exiended
configuration that extends from the proximal end of the reservoir into the reservoir. The
plurality of nested, telescopic screws comprises an innermost screw that 1s connected to the
plunger and constrained from rotation by an anti-rotation mechanism.

13667} In accordance with aspecis of the llustrative embodiments, the reservoiris a
syringe barrel-type container.

[G008] In accordance with aspects of the illustrative embodiments, the anti-rotation
mechanism is the reservoir and plunger having anon-circular cross-section to provent rotation
of the plunger within the reservoir when the cutermost drive serew 18 rotated. For examnple,
the reservoir and plunger cach have an cliptical cross~-section.

(3605 In accordance with aspects of the dlustrative embodiments, the anti-rotation
mechanism comprises a pusher disposed between the plunger and a distal end of the
innermost screw. The pusher abuts a proximal side of the plunger and s configured to move

along the longiudmal axis of the reservorr in response to rotation of the outmost screw.



WO 2022/040085 PCT/US2021/046136

(53

{0818 In accordance with aspects of the lustrative embodiments, the pusher
comprises a keving feature that cooperates with a corresponding keving feature on the distal
end of the mnermost screw to engage the mnermost screw with the pusher. For example, the
keying featare of the pusher comprises a detent, and the corresponding keying feature on the
distal end of the innermost screw 1s dimensioned and/or shaped to be pressure fif into the
correspondingly dimensioned and/or shaped detend. Further, the detent can congprise a
through hole 1o a distal side of the pusher, and the distal end of the innermost screw can
extend through the through hole, for example. The distal end of the mermost screw can be
heat staked at the distal side of the pusher at the through hole. The through hole can
comprise anti-rotation slots to facilitaie heat staking. Altematively, the pusher can comprise
a protrusion on its distal side and the throngh hole can extend through the protrusion. In
accordance with another aspect, the pusher can comprise at least ong through hole for
venting, and/or indents along at least a portion of s perimeter for venting.

{6611} In accordance with aspects of the llustrative embodiments, the anti-rotation
mechamsm comprises a detent on the second side of the plunger dimensioned to cooperate
with a distal end of the 1nnermost screw to prevent the phinger from rotating relative to the
inner walls of the reservoir when the outermost drive scrow 1s rotated. For example, the
distal end of the mnermost screw 1s dimensioned and/or shaped to be pressure fit into a
corrgspondingly dimensioned and/or shaped detent.

16612} In accordance with aspecis of the llustrative embodiments, the plurality of
nested, telescoping scrows comprises the outermost drive scrow having an mner diameter and
inner threads dimengsioned to receive a sleeve screw having external threads configured to
cooperate with the toner threads to advance the sleeve screw within the cutermost drive screw
when the outermost drive screw is rotated.

1 3] In accordance with aspecis of the illustrative embodiments, the sleeve screw
has an inner diameter and inner threads dimensioned to receive the mnermost screw. The
innermost screw has external threads configured to cooperate with the inner threads of the
sleeve screw to advance the jonermost screw within the sleeve screw when the sleeve screw

18 rotated.
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{081 4] In accordance with aspects of the illustrative embodiments, a torque ratio of
the 1nnermost screw 18 less that a torque ratio of the slecve scrow, and the torgue ratio of the
sleeve screw 18 less that a torque ratio of the outermost drive screw to allow the innermost
screw, when constrained in rotation, to extend along the slecve screw nto the reservorir before
the sleeve screw commences rofating relative to the outermost drive serew and advancing
into the reservotr,

[6615] In accordance with aspects of the llustrative embodiments, the plurality of
nested, telescoping screws have right handed threads, and respective inner screw parameters
and outer screw parameters that employ the same pitch. Altematively, the phurality of nested,
telescoping screws have left handed threads, and respective inner screw parameters and outer
screw parameters that employ the same pitch.

[6616] In accordance with aspecis of the tllustrative embodiments, the reservoir
further comprises a gear anchor mounted to its proximal end, the gear anchor comprising an
aperture dimensioned to receive a distal end of the outermost drive screw and allow the
nested, telescoping screws to extend into the reservoir when the outermost drive screw is
rotated. For example, the gear anchor is disc-shaped and dimensioned to be press fit into the
proximal end of the reservoir. For example, the aperiure in the gear anchor can be contigured
to provide stable support for the outermost drive serew while allowing the outermost drive
screw 0 be rotated relative to the gear anchor, In addition, the gear anchor can have a
through hele for venting.

16617} In accordance with aspects of the tllustrative cmbodiments, when the plunger
driver assembly is in its nested configuration, the distal end of the innermost screw 1s flush
with respect to a distal side of the gear anchor.

6018 In accordance with aspects of the illustrative embodiments, when the plunger
driver assembly is in its nested contiguration, the distal end of the innermost screw protrudes
from a distal side of the gear anchor a designated length corresponding to a depth of a detent
provided on either of the second side of the plunger or an intermediate pusher between the
plunger and the distal end of the inpermost screw.

{081 9] In accordance with aspects of the illustrative embodiments, the fluid delivery

device comprises a thrust bearing feature provided relative to the plunger driver assembly and
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a support stractare of the plunger driver assembly to minimize axial thrust load from the
telescoping screw. For example, the thrust bearing feature can comprise a cap disposed on
the outermost drive screw, the cap having a boss for contacting a portion of the support
structure to resist an axial thrust lead directed toward the proxamal end of the plunger driver
assembly and generated by the plunger driver assembly, plunger or fluid in the fluid chamber.
G624 Additional and/or other aspects and advantages of illustrative embodiments
will be set forth m the description that follows, or will be apparent from the description, or
may be leamed by practice of the illustrative emvbodiments. The illastrative embodiments
may comprise apparatuses and methods for operating same having one or more of the above
aspects, and/or one or more of the features and combinations thercof. The iliustrative
embodiments may comprise one or more of the features and/or combinations of the above

aspects as recited, for example, in the attached claims.

BRIEY DESCRIPTION OF THE PRAWINGS

6021} The above and/or other aspects and advantages of embodiments of the
tustrative embodiments will be more readily appreciated from the following detailed
description, taken in conjunction with the accompanying drawings, of which:

6022] Fig. 1 is a perspective view of a wearable fluid delivery device constructed in
accordance with an example embodiment;

6023 Fig. 2 is a perspective view of the fhmd delivery device of Fig. 1 with the
cover removed;

[G024] Fig. 3 is a block diagram of example components of a fluid delivery device
constructed in accordance with an example erabodiment;

3025 Figs. 4A and 4B are a top view and a fop perspective view, respectively, ofa
Auid debvery device with 1ts cover removed for clanty to depict a phinger driver assembly
constructed in accordance with an example embodiment;

6026] Fig. 5 depicts a plunger drive assembly constructed in accordance with an

example embodiment and comprising a three-layer telescopic lead screw design;
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{0627} Figs. 6A and 6B depict, respectively, a rear perspective view and a front
perspective view of a gear anchor 1o accordance with an example embodiment;

[3028] FIGs. 7A, 7B and 7C depict, respectively, a plunger stopper and pusher
assembly configured to be keved to an innermost nested serew in accordance with example
embodiments;

134325} Figs. 8A and 8B arc a top view and a top perspective view, respectively, of a
fluid debivery device with its cover removed for clanity to depict a plunger driver assembly
constructed in accordance with another example embodiment that employs a four-layer
telgscopic lead serew design;

3836 Figs. 9A, 98 and 9C idlustrate respective positions of the plunger drive
assembly of Figs. 8A and 8B;

16031 Fig. 10 depicts a plunger drive asserably constructed in accordance with an
exaraple embodiment and comprising a four-laver telescopic lead screw design;

6632} Fig. 11 s a partial side view of a thud dehvery device constructed in
accordance with an example embodiment to have an axial thrust bearing feature.

G033 Throughout the drawing figures, like reference numbers will be understood to

refer to ike clements, foatures and structures.

DETAILED BESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

16034] As will be appreciated by one skilled inthe art, there are numerous ways of
carrying out the examples, inprovements, and arrangements of a pump in accordance with
cmbodiments disclosed herein. Although reference will be made to the dlustrative
crabodiments depicted in the drawings and the following descriptions, the embodiments
disclosed herein are not meant to be exhaustive of the various alternative designs and
embodiments that are encompassed by the disclosed techmical solutions, and those skilled 1n
the art will readily approciate that various modifications may be made, and various
combinations can be made with departing from the scope of the disclosed technical sohutions.
[0835] Example embodiments of the present disclosure realize several advantages

such as minimizing the device size envelope or form factor, while retaining the bencticial
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features of highly rehiable and proven svstems such as medication pens and pen needles,
SYTINECS, OF MoTe expensive, non-portable pumping systems that employ a lead screw drive
mechanism. In accordance with example embodiments described herein, a novel nesting
telescopic screw design is emploved that enables the use of syringe-based drag containers or
similar reservotrs, which have boen proven to be drug-friendly or biocompatible with drugs
and other fluids debivered via fluid delivery devices.

6636} Fig. 1 is a perspective view of a wearable thud delivery device 10 constructe
in accordance with an example embodiment. The drag delivery device 10 comprises a
baseplate 12, a cover 14, and an insertion mechanism 16 in an undeploved position. A
reservoir fluid delivery device 10 can be filled with the fluid (c.g., drug) by a user mserting a
needle of a filled syringe 36 mito a fill port (not shown) provided in the baseplate 12 that has
an miet fluid path from the fill port to the reservoir. It is to be understood that the fluid
delivery device 10 can be filled witth a fld (¢.g., drug) using different mechanisms and
methods.

{0837} Fig. 2 s a perspective view of the fluid delivery device of Fig. 1 with the
cover removed. The baseplate 12 supports the insertion mechanism 16, a motor 18, a power
source such as a battery 20, a conirol board (not shown}, and a reservoir 22 or container for
storing a fluid fo be dehivered {0 a user via an outlet fluid path 24 from an outlet port of
reservoir 1o the insertion mechamisma 16, The reservoir 22 can also have an inlet port
connected via an nlet fluid path 26 to a fill port {¢.g., provided in the baseplate 12). The
reservoir 22 contains a plunger 28 having a stopper asserably 29. The proximal end of the
reservoir 22 is also provided with a plunger driver assembly 30 having ploral telescopic
nested screws, a gear anchor 34, an cutermost drive screw 36 that is rotated via a gear frain
38 connected to the motor 18, Although a gear tram 38 15 shown for dhustrative purposes, the
drive mechanism can be gears, ratchets, or other methods of inducing rotation from a motor,
3338 Fig. 3 15 a block diagram of example components of a fhad delivery device
constructed in accordance with an example embodiment. The cover/housing or device 10
housing ts mdicated at 14, The device 10 has skin retention subsystern 40 such as an adhesive
pad to comnect the device 10 to a user’s skin. The fluid delivery device 10 further comprises

the reservoir 22, the msertion mechamism 16, and a fhud displacement module 42 that can
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melude the motor 18, gear train 38, pump mechanism {e.g., plunger driver assembly 30}, and
outlet path 24, The fluid delivery device further comprises electrical components such as a
power module (¢.g., battery 20), and an electrical module 50 compnising a controller 52, a
motor driver 54, optional sensing modale 36 to sense thad flow conditions {e.g. occlusion or
pump mechanism runaway}, optional audio driver 38 {e.g., to indicate dosing in progress, low
reservoir, occlusion, successful pairing with external device, or other condition via an audible
alarm such as a buzzer), and an optional visual driver 60 to provide visual fecdback via a
hght emitting diode(s) and/or optional tactile driver to provide tactile feedback via a vibration
component, and an optional wireless driver 62 for wirgless commuunication between the fhud
delivery device and an optional remote pump control device (.8, a smartphone or dedicated
controller 63). With regard {o the sensing module 56, the fluid delivery device can be
provided, for example, with onc or more encoders to provide foedback of the drive
mechanism {e.g., plunger dover assembly 30} for mmdexing and purap mechanism runaway
prevention purposes.

[0639] FlGs. 4A and 4B are a top view and a top perspective view, respectively, of a
fhuid delivery device with its cover removed for clarity to depict a plunger driver assembly
constructed in accordance with an example erabodiment. The plunger dover assembly 30 15
shown fully retracted in Fig. 44 and fully extended m Fig. 4B. It 15 to be understood that the
motor 1% can controf the plunger driver assembly 30 to move the telescoping scrow members
merementally from the fully retracted to the fully extended positions shown to deliver
respective designated dose amounts of fluid from a fluid chamber portion 64 of the reservoir
22, The motor 18 and gear train 38 rotate an cutermost drive screw 70 on the plunger driver
asserubly 30. The gear train 38 can bave different configurations. For cxample, the gear train
38 can also be in the form of a ratchet indexing mechanism or other indexing mechanism that
precisely rotates the drive mut or ouimost drive screw 90 by a mechanically controlled
amount. The motor 18 and related gear train components 38 and the cutermost drive screw 70
of the plunger daver assembly 30 can be mounted with respect to each other via a mounting
plate 66 or other mechanism secured 1o the baseplate 12, The reservoir 22 can be secured to
the baseplate 12 via a reservoir mount {¢.g., a wall on the baseplate 12, the mounting plate 66,

a superstracture or other structure in the device housing 14). As shown o Fig. 4B, the motor
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housing 44 securgs the motor 18 with respect to the baseplate 12 and housing and baseplate
can be an uegral component.

340} With continued reference (o Fig. 4B, an inlet fluid path can be provided from a
fill port {not shown} on the underside of baseplate 12 to an inlet port {not shown) of the
reservoir 22 to allow filling of the reservoir prior to shipment, or by a user prior to using the
fluid debivery device 10, A gear anchor 34 is provided at a proxumal end of the reservoir 22,
and 1s stationary with respect to the reservoir 22, The plunger 238 1s provided within the
reservoir 22 and configared to be controliably translated along a longitudmal axis of the
reservolr 22 by the plunger driver assembly 30 and motor 18 operation.

G041 FIG. 5 shows a plunger driver assembly 30 in accordance with an example
embodiment comprising a three-laver telescopic lead screw comprising an oulermost drive
scrow 70, a sleeve scrow 72 and an innermost screw 74, The outermost drive screw 70 has a
first portion with drive gear teeth 70a that cooperate with tecth on an adjacent gear of the gear
frain 38 actuated by motor 18, and threaded aperture 70b that cooperates with outer threads
T2a of a sleeve screw 72, The sleeve screw 72 has an end feature 72b at the proxamal end
thereof to prevent the sleeve screw 72 from being driven from outermost drive screw 70, and
a threaded aperture 72¢ at the distal end thercof with internal threads that cooperate with
outer threads 74a of an innermost screw 74, The mnermost screw 74 has an end feature 74b
at a proxamal end thereof to prevent the innermost screw 74 from being driven from the
sleeve screw 72, and a keving feature 74c¢ at the distal end thereof. The keving feature 74¢
can be a selected shape or protrusion or other feature or component that couples the
mnermost screw 74 to a cooperating keving feature on the plunger 28 while constraining the
innermost screw 74 from rotating with respect to the plunger 28 when the outermaost screw 70
is rotated by the motor 18 and gear tram 38, To other words, when the outermost drive screw
7015 driven via the motor 18 and the gear tram 38, the distal end of the innermost screw 74 s
anchored inside the plunger 28 or other surface of the plunger driver assembly 30, The
outermost drive screw 70 rotates clockwise advancing the sleeve screw 72 and the innermost
screw 74, The screw members 70, 72 and 74 have right handed threads, for example, but

could also be designed to all have left handed threads. For example, sach of the serew
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members 70, 72 and 74 hag the same inner and/or outer screw designs with same piich and
shight variations on the other parameters.

3473 In accordance with an example embodiment, drive screw 707s length 1s
dimensioned such that, when the screws are all nested or collapsed, they are all contained in
the drive serew 70, In addition, the drive serew 70 is provided with a thrust beanng cap 98 at
the proximal end thereot to help the device 10 absorb axual thrust loads, as described further
below.

{0843} In accordance with another example embodiment, a pusher 80 1s provided as a
scparatc coraponent between the nner screw 74 and the plunger 28, The pusher 80 can be
provided with a keving feature {¢.g., 82) mstead of the plunger 28 1o recoive the keying
protrusion or other feature 74¢ from the mnermost screw 74, and is overall shaped to prevent
rotation of the mnermost screw 74, An advantage of using a pusher 80 is that its design can
he made to reduce off-axis forces that could negatively affect the precision of the motion and
overall volume delivery due to uncontrolled plunger wobble.

[0844] The torque ratios between serews 72 and 74 are related to each component’s
diameter, with the smallest drive torgue associated with the smalier diameter of the mnermost
scrow 74, Under optimal conditions, the tnmermost or smallest screw 74 likely drives forward
first, when constrained i rotation by the plunger 28 surface or other surface or member to
which it 1s anchored. Next, the sleeve scrow 72 starts rotating and advancing. Manuafacturing
variation and tolerances can cause changes in advance movement sequencing, howeover, parts
generally only advance according to the coramon pitch of each part. Except for the outernmost
drive screw 70 with the drive gear teeth 70a, cach inner serew will require an end feature that
prevents the screw from being driven out of the assembly package. In order to minimize size,
this feature length can be purtmized. This feature, however, will also help to stabilize the
axial motion of the serew and prevent motion that 1s not axially oriented.

j3045] The mnermost screw 74 requires a keving feature to engage the plunger 28,
This keving feature can either engage with a non~circular plunger geometry, whereby rotation
is provented by geometry, or can be engaged with an mtermediate structure (¢.g., a pusher 80)
that acts (¢ prevent rotation in the operating syringe barrgl. This end feature 74¢ 15 optimally

smaller than the cuter thread of the same nnermost screw 74 so that it may be assembled
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from the rear end of the assembly 30. For example, the distal end of the innermost screw 74
can be dimensioned and/or shaped to engage a corresponding dimensioned and/or shaped
detent or indent 32 in the plunger 28 or pusher 80 that prevents any rotation mmparted on the
innermest screw 74 by the other components 70 and 72 from causing rotation of the plunger
2% relative to the 1nner walls of the reservoir 22, The keving feature 74¢ on the distal end of
the innermost screw s smaller than the threads and have teatures and/or shape so that it
presses or engages sohidly inlo the pusher to avoid relative rotation. I necessary, other,
stronger, larger features can be attached to the front or distal end of the screw 74, This design
can employ an elliptical syringe barrel-type reservoir 22 to contain the drug and provide anti-
rotation functionality. The clliptical shape also has the added benefit of potentially saving
device height. In addition, the telescopic nested lead serew design of the example
embodiments can be complemented by a suitable ratcheting/indexing mechanism o further
mmprove the delivery resolution.

0646} Figs. 6A and 6B depict, respectively, a rear perspective view and a front
perspective view of the gear anchor 34 in accordance with an example cmbodiment.  The
gear anchor 34 ig a disc-shaped member inserted into an opening at the proximal end of the
reservoir 22 and can have optional features such as protrusionds) 34a with slot 34d 1o
facilitate a press or snap fit with respect to pins 66a on a reservoir mount . The gear anchor 34
has an aperture 34b dimensioned to receive the distal end 70d of the outermost drive screw 70
having smaller circumference than first portion 70a and a lip 34c¢ that cooperates with distal
end of the outermost drive screw 70 to secure the outermost drive screw 70 agaimst gear
anchor 34, It 1s to be understood that the lip or flange 34¢ can be removed to reduce axdal
footpring of the screw-tram. Its function is limited as typical loads are reacted in a direction
opposing the face. Tn an alternative arrangement, a ring can be added to the drive screw 70
that would bear on the outer surface of the reservoir cap or gear anchor 34, The gear anchor
34 alsc has at least one aperture or through hole 34a for venting. As described below, the
pusher 80 can also have an opening(s} and/or clearances to allow venting as it moves axially
in the reservoir 22,

{0847} FiGs. 7A, 7B and 7C depict, respectively, a plunger 28 and stopper assembly

29 with a pusher 8¢ keyed to the innermost screw 74 in accordance with example
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cmbodiments. It 1s to be understood that the plunger 28 or an intermediate pusher 80 can
coraprise a disc-shaped member having a detent, tndent or other feature 82 that cooperates
with a keving feature 74 at the distal end of the mnermost screw 74 1o prevent rotation of
plunger 28 relative to the reservoir 227s inner walls when the outermost drive screw 70 is
being rotated within the aperture 22b by the motor 18 and gear train 34 and, as a result, screw
merabers 72 and 74 are being extended or retracted translationally via the cooperation of their
respective threads. It is to be understood that the plunger 28 can be decoupled from the
screws and the mtermediate member {¢.g., a pusher 830} provides an anti-rotation function
{c.z., a ball-jomt interface 1s provided between the distal end of innermost screw and the
proximal side of the pusher 80 to binut oftf-axis oad transfer}. An optional protrusion 81 on
the front surface of the pusher 80 can wmpact the rear surface of plunger 28. Ag shown in
Fig. 7A. the protrusion 81 can be provided with anti-rotation slots 81a. When assembled, the
post on the distal end of the mnermost screw 74,96 can extend into the detent 990, through the
pusher 30 and shightly bevond its protrusion 81. The post on the distal end of the innermost
screw 74,96 cooperates with the slots 81a during heat-staking of the innermost screw relative
to the pusher 80, The pusher 80, together with or aliernatively the cap 34 on the reservoir 22,
ts provided with feature(s} to allow air venting. For example, an air venting feature can be
provided along at least a portion of the perimeter of the pusher 80 and be in the form of a2
scalloped edge comprising notches 80a. When notches 80a are provided on the perimeter of
the pusher 80, these features can be arranged o minimize axial translation friction by biasing
design and tolerances for edges around a few of these features 80a to be more proud of the
remaining notch edges so as to make first contact with the mternal reservoir barrel face to
prevent rotation.  The pusher 80 can also be provided with one or more through holes 80b in
a plate-like portion of the pusher for venting.

(048] The plunger 28 has a stopper assembly 29 to prevent leakage of any fluid
retained in a fhud chamber portion 64 of the reservoir 22, The stopper assembly 29 can
comprise, for example, an elastic member 84 comprising elastic material similar to a svringe
stopper and configured as disc mounted to a surface of a plunger 28 disc or as a band of
material surrounding the plunger 28 disc. Altematively, the plunger 28 can be configored to

have one or more {¢.g., two} circumferential groove dimensioned to accommaodate respective
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O-ring{s). For example, osing two O-rings increases stability {e.g., even in spite of an
inerease m length). Depending on dose accuracy requirernents, a single O-ring can be a viable
option; however, for lugh precision, two O-rings are particularly beneficial.

13049} The configuration of the plunger driver assembly 30 components with reapect
to the reservoir 22 and the plunger 28 realizes a number of advantages. For example, having
a plunger driver assembly 30 mounted at a proximal end of the reservoir 22 and having a
nested configuration that does not extend into the reservoir until the outermost drive screw is
rotated optimizes use of the reservoir chamber for fluid delivery instead of having to
accoramodate pre-delivery plunger driver components. fn addition, the overall fength of the
reservolr can be substantially the same as the length of the housing, with the addition of a
small amount of headspace to accommodate the gear tram 34 connection to the drive gear
toeth 70a of the outermost drive screw 70. Thus, the overall footprint of the pump
mechanism s minimized as well as the longiudinal axis dimension of the fluid delivery
device housing. The use of the plunger 28 and plunger driver assembly 30 design also
mintmizes contact of the pump mechanism with the flaid being delivered to ensare
biccompatibihity between the fluid and the fhad delivery housing. The example
crabodiments described herein employ nested telescoping screws of appropriate size and
thread configuration to achieve a conirolied movement of a syringe-barrel-type reservoir
plunger 28, Screw-thread technology is well-defined and understood, and 1s capable of
repeatable, powerful motion. When driven with an appropriate resolution-controlied motion
by the motor 18, the nested screws {(e.g., 72 and 74) can provide accurate movement under
virtaally all environmental conditions. Further, the drive mechanism {e.g.. the plunger driver
assembly 30} the does not affect the basic volume of the fluid chamber 64 where the drug
resides, thus having no impact on any companbility issues.

50 The technical solution of the example embodiments s based on a basic screw-
drive mechanism where lifting torque s a function of applied axial load (force or pressure},
thread pitch, friction parameters, and diameter. In some cases, the equations may be further
expanded to capture the full details of thread geometry such as tlank and lead angle, and
many other special parameters. Industry standard sizes for ACME threads can generally be

used to adjust the balance of lifting torque, power required, efficiency, and other functional
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parameters such as smoothness of operation and cost. Other thread forms can also be used,
such as Butiress threads, to accurately control load-transfer, and mimimize dosing errors.
Each screw design may affect torque; therefore, changes should be made in a manner that is
congruent with the capabilitics of the motor and gearbox or tndex drive sub-system.

16051] The design emploved by the exampie embodiments lends itself to be daven
with gear-reduction transnussions at very small scales. The torque required to move a gearis
mdependent of the number of gears used in the system, and 1s mostly affected by material and
geometry choices for the threads. Small motors and low gearbox ratios can therefore be
crployed, thereby vielding a compact device 10, Conversely, the torque will be different on
cach screw, with the smalier torque being on the innermost screw and the largest torque being
on the outermost serew. The etficiency of power transmission 1s affected by the many
interfaces, which can reduce overall efficiency but which can be adjusted to an acceptable
level using adjusted parameters for the equations to deternune desired hifting torgue.
Regardless, 1f battery power, or any other input power, 1s abundantly available, this design
has the potential to create lughly accurate pumps for many drug therapies, unlike any type of
medical drug delivery pump currently available.

052 FIGs. 8A and 8B are a top view and a top perspective view, respectively, of a
fluid dehivery device with its cover removed for clanity to depict a plunger driver assembly 30
constructed in accordance with another exampie cmbodiment that employs a four-laver
telescopic lead screw comprising an outermost drive screw 90, a fust sleeve scrow Y2, second
sleeve screw 94 and an woermost screw 96, as tllustrated in Fig 10. Keyving 82 between
mnermost screw 86 and the plunger 28 {or pusher 80} 1s similar to the above-described
crabodiment erapioying a three-layer telescopic lead serew. With reference to Fig. 10, the
first slecve screw 92, the sccond sleeve screw 94 and the innermost serew 96 cach have an
end feature at its proximal end to prevent it from being driven from the plunger driver
assembly 30 m which it 18 nested.

[6653] The afore-mentioned thrust bearing cap 98 can be snap fit or otherwise pressed
into the proxamal end of the outer screw, but 1s shown removed in Fig. 8B and in place in
Figs, 9A-9C. As illustrated in Fig. 11 in accordance with an example embodiment, the cap

98 has a ratsed boss 102 that interacts with erther a superstructure 66 that supports the
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reservolr, screws, and motor, or with a wall indicated generally at 100 on the baseplate 12.
This superstructure 66 or wall 100 absorbs or minumizes axial thrust load from the scrow and
possibly from plunger O-rings and fluid pressure, thereby helping prevent loss of dose
accuracy. The small boss 102 on the cap 98 is small in diameter 50 as to punimize any
additional torque imposed on the drive system. The boss 102 can be dimensioned to be large
enough to avoid digging and wearing o the support wall, and material choices can aid m
this design. Since screw motion may cause the screw-assembly 30 to be pushed backwards,
the thrust beanng cap 98 provides a benefit of handling these forces by distributing them over
a small enough area to reduce torque without damaging the support stracture, Altematively,
thrust can also be controlled in other locations on the drive screw or nut 70, For example, a
sphit reservoir cap with a slot can be emploved with an alternative drive nut configuration
having an outer ring that rotates inside the split cap. The split cap can have press pins that
aliow it to be assernbled around the drive oot and then seried nto the reservoir.

[3654] Both embodiments in Figs. 4A-4B and 8A-8B, respectively, are advantageous
to mimimize infernal reservoir 22 space used by the plunger driver assembly 30, thereby
optimizing fhud chamber 64 volume while, at the same time, minimizing reservoir footprint
on the baseplate and therefore overall bousing dimensions. In both embodiments, the
reservoir chamber 22 comprises the fhud chamber 64 and the volume taken by the plunger 28
and stopper assembly 29, and nominal reservoir volume is taken by the phinger driver
assembly 30 when n tis fully retracted position.

6055] The plunger driver assembly of Figs. 8A and 8B 15 shown in a fullv retracted
positon in Fig. 9A, an intermediate position in Fig. 9B, and a fully extended in Fig. 8C. Htis
to be understood that the motor 18 can control the plunger driver assembly 30 to move
mcrementally from the fully retracted 1o the fully extended positions shown to deliver a
designated dose amount of fluid from the fhnd chamber portion 64 of the reservoir 22, An
mdexer and runaway prevention device can be provided with respect to the ostermost drive
screw 70,90 to ensure controlled rotation of the screw 70,90 by the motor and thereby prevent
runaway of the pump mechanism.  For example, the drive screw or nut 70,90 can be

provided with an encoder(s) for indexing and accurate dose delivery and to provide feedback
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o the elecirical modude 50 to farther protect against nmaway or undesirable or inaccurate
pump motor action and rotation of the drive nut 70
[3056] The four-layer telescopic lead screw design in Figs. 8A through 10 has the
advantage of further travel possible within the same axial footprint as the three-layer
clescopic lead screw design in Figs. 4A through 5. at the expense of slightly larger
diameter/transverse dimension. The embodiments described hersin can be adapted to work
from two nested screws to four or more nested screws, that 1s, as many as is mechanically and
clectrically feasible. For example, a munimom of two layers can be used and a maximum
aumber of layers can be used that is driven by size mutations. As the number of telescoping
nested screws increases, the efficiency of the design will decrease 1o the losses inherent at the
screw thread interfaces. Ultimately, however, anv of these designs can be beneficial,
depending on the balance of siz¢ constramts and power available.
63657} The design is based on the basic screw-drive mechanism where lifting torque
13 a function of apphied axial load (force or pressure), thread pitch, friction parameters, and
diameter. In some cases, the equations can be further expanded to capture the full details of
thread geometry such as flank and lcad angle. and many other special parameters. ACME
threads may be generally used to adjust the balance of ifting torque, power required,
efficiency, and other functional parameters such as smoothness of operation and cost.
[6658] There are no wearable, disposable patch pumps that use this type of
mechanism. This is a novel use of hasic mechanisms based on wedge design, such as the
scrow. The novelty of this design is that i brings siguificant space advantage while trading
some mechanical losses. The space savings open up sigmificant design space for novel drug
delivery pumps with high delivery accuracy potential. The design of the example
crabodiments of the present disclosure can be complemented with a ratcheting or indexing
drive transmission to further improve the motion resolution, resulting in accurate drug
delivery.
[6659] The example embodiments described herein employ an elhiptical syringe
harrel-type reservoir 22 o contain the drug or fluid to be delivered. The elliptical syringe
barrei-type reservoir 22 provides anti~rotation functionality and associated benefits. For

example, anti-rotation provided by the intrinsic design of an elliptical syringe barrel-type
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reservoir 22 naburally prevents rotation of the barrel when a torque is applied. The elliptical
shape also has the added benefit of potentially saving overall device height. It is, however,
possible to employ a separate component to achieve the same anti-rotation. For example, the
innermest screw can be keying to a detent or other feature in the stopper assembly 28 or a
driver component or surface 1 a plunger driver assembly 30, Thus, even if the reservoir 22
is not elhiptical (e.g., has a round cross-section), anti-rotation of the plunger driver assembly
30 relative to the inner walls of the reservorr 22 dunng axial translation is siill achieved.
{fHUSH! eservoir 22 can be configured to be durable, that is, not removable but rather
preinstalicd within the fluid delivery device housing 14, The reservoir 22 can be similar in
materials to a syringe barrel and associated stopper. The reservoir 33 can be prefilled and the
plunger driver assernbly 30 imtially in a retracted posttion. Alternatively, the fluid delivery
device housing 14 can be provided with a fill port and flind path 26 from the fill port to the
reservoir 22, The fill port can be configured for fithing by a user with a svringe, or by using a
filhing station that fluidically couples to the fill port.

{0061} Although vanous persons, including, but not limited to, a patientor a
healthcare professional, can operate or use ilustrative cmbodiments of the present disclosure,
for brevity an operator or user will be referred 1o as a “user” hereinafier.

30673 Although various fluids can be emploved n illustrative embodiments of the
present disclosure, for brovity the liquid in an igection device will be referred to as “flud”
hereinafter.

3663 It will be understood by one skilled in the art that this disclosure is not linited
i 1ts application to the details of construction and the arrangement of components set forth in
the above description or illustrated in the drawings. The embodiments herein are capabie of
other cmbodiments, and capable of being practiced or carried out n various ways. Also, it
will be understood that the phraseology and terminology used herein s for the purpose of

1

description and should not be regarded as hmiting. The use of Minclading,” "comprising " or
"having” and variations thercof herein is meant to encompass the items listed thereafter and
cquivalents thereof as well as additional items. Uniess limuted otherwise, the terms

WO

"comnected,” "coupled,” and "mounted,” and variations thereof herein are used broadly and

encompass direct and indirect connections, couplings, and mountings. In addition, the terms
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"comnected” and "coupled” and vartations thereof are not restricted to physical or mechanical
connections or couplings. Further, terms such as up, down, bottom, and top are relative, and
are emploved to aid itlustration, but are not limiting.

3664} The components of the llustrative devices, systems and methods employed in
accordance with the itlustrated embodiments can be implemented, at least in part, in digital
clectronic circnitry, analog clectronic circuitry, or i computer hardware, firmware, software,
or in combinations of them. These components can be implemented, for example, as a
computer program produact such as a computer program, program code or computer
instructions tangibly embodied i an information carrier, or in a machine-readable storage
device, for execution by, or to control the operation of, data processing apparatus such as a
programmable processor, a computer, or multiple computers.

[6065] The above-presented description and figures are intended by way of example
only and are not indended to hioit the dlustrative embodiments i any way except as st forth o
the following claims. It is particularly noted that persons skilled in the art can readily combme
the various technical aspects of the vanous elements of the various idhustrative embodiments
that have been described above tn mumerous other ways, all of which are considered to be

within the scope of the claims.
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CLAIMS:
i, A fhud delivery device comprising:

a reservolr comprising an outlef port at a distal end, and plunger movable along a
longitudinal axis of the reservoir, the phunger configured to provide a seal with respect to
ioner walls of the reservoir to prevent fluid provided i a fluid chamber defined on a first side
of the plunger and comprising the outlet port from leaking tuo a portion of the reservoir
defined by a second side of the plunger;

a phnger driver assembly mounted at a proximal end of the reservoir and
comprnsing a plurality of nested, telescoping scrows that, when an outermost drive screw is
rotated, move from a nested configuration that does not extend nto the reservoir to an
extended configuration that extends from the proximal end of the reservoir info the reservoir;

wherein the phirality of nested, telescoping scrows comprises an Mnormost SCrew

that 1s conunected to the plunger and constramed from rotation by an anti-rotation mechanism.

2. The fluid delivery device of claim 1, wherein the reservoir is a syringe barrel-type
container.
3 The thad delivery device of claim 1, wherein the anti-rotation mechanism is the

reservoir and plunger having anon-circular cross-section to prevent rotation of the plunger

within the reservolr when the ouwtermost drive screw is rotated.

4, The fluid delivery device of claim 3, wherein the reserveir and plunger each have an

clhiptical crogs-section.

5. The thud delivery device of claim 1, wherein the anti-rotation mechanism
comprises a pusher disposed between the plunger and a distal end of the tonermost screw, the
pusher abuiting a proxamald side of the plunger and configured to move along the longitudinal

axis of the reservoir in response o rotation of the outmost screw,
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6. The fluid delivery device of claim 5, wheremn the pusher comprises a keying feature
that cooperates with a corresponding keying feature on the distal end of the mnermost screw
to engage the inermost screw with the pusher.
7 The fhud delivery device of claim 6, wherein the keving feature of the pusher
comprises a detent, and the corresponding keying feature on the distal end of the innenmost
screw 1s dimensioned and/or shaped to be pressure fit into the correspondingly dimensioned

and/or shaped detent.

8. The thud delivery device of claim 7, wherein the dent comprises a through hole to a
distal side of the pusher, and the distal end of the mnermost screw extends through the

through hole

g, The fluid delivery device of claim 8, wheremn the distal end of the innermost screw

i heat staked at the distal side of the pusher at the through hole.

190, The thuid delivery device of claim 9, wherein the through hole comprises anti-

rotation siots.

11 The fluid delivery device of claim 8, wherein the pusher comprises a protrusion on

its distal side and the through bole extends through the protrusion.

12. The flowd delivery device of clamm 5, wherein the pusher comprises at least one

through hole for venting.

13. The thad delivery device of claim 5, wherein the pusher comprises indents along at

cast a portion of its perimeter for venting.

14 The fluid delivery device of claim 1, wherein the anti-rotation mechanism

comprises a detent on the second side of the plunger dimensioned to cooperate with a distal
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end of the mnermost screw to prevent the plunger from rotating relative to the tner walls of
the reservoir when the outermost drive scrow is rotated.

15. The thad delivery device of claim 14, wherein the distal end of the mnermost scrow
ig dimensionad and/or shaped to be pressure it into a correspondingly dimensioned and/or

shaped detent.

16. The fluid delivery device of claim 1, wherein the plorality of nested, telescoping
screws comprises the outermost drive screw having an inner diameter and inner threads
dimensioned to receive a siceve screw having external threads contigured to cooperate with
the inner threads to advance the slegve screw within the outermost drive screw when the

outermost drive screw is rotated.

17. The fluid delivery device of claim 16, wherein the sieeve screw has an inner
diameter and mner threads dimensioned to receive the innermost screw, the innermost screw
having external threads configured to cooperate with the immer threads of the sleeve screw 1o

advance the innermost screw within the sleeve screw when the sleeve screw is rotated.

18, The fhad delivery device of claim 17, wherein a torque ratio of the innermost screw
ig less that a torque ratio of the slceve screw, and the torque ratio of the sleeve screw is less
that a torque ratio of the outermost drive screw to allow the npermost screw, when
constrained in rotation, to extend along the sleeve screw mnto the reservoir before the siceve
screw commences rotating relative to the outermost drive scrow and advancing nto the

TeSErvoLr.

19. The fhad delivery device of claim 1, wherein the phurality of nested, telescoping
screws have night handed threads, and respective 1nngr screw parameters and outer screw

parameters that eraploy the same pitch.
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20. The fluid delivery device of claim 1, wherein the plorality of nested, telescoping
screws have left handed threads, and respective inner screw parameters and outer screw

parameters that employ the same pitch,

2L The fhad delivery device of claum 1, wherein the reservoir further comprises a gear
anchor maounted 1o s proximal end, the gear anchor comprising an aperture dimensioned to
recetve a distal end of the outermost drive screw and allow the nested, telescoping screws o

extend nto the reservoir when the outermost drive screw is rotated.

22, The fluid delivery device of claimm 21, wherein the gear anchor is disc-shaped and
dimensioned to be press fit into the proximal end of the reservoir.
23, The fluid delivery device of claim 2 1, wherein the gear anchor comprises a through

hole for venting.

23 The fluid delivery device of claim 21, wherein the aperture in the gear anchor is
configured to provide stable support for the cutermost duve screw while allowing the

outermost drive screw to be rotated relative to the gear anchor,

24, The fluid delivery device of claim 21, wherein, when the plunger driver assembly s
i its nested configuration, the distal end of the mnermost screw is flush with respectto a

distal side of the gear anchor.

25 The fluid delivery device of claim 21, wherein, when the plonger driver assembly is
in its neated configuration, the distal end of the innermost screw protrudes from a distal side

of the gear anchor a designated length corresponding to a depth of a detent provided on either
of the second side of the planger or an mtermediate pusher between the plunger and the distal

end of the innermost screw.
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26. The flaid delivery device of claim 1, further comprising a thrust bearing featurg
provided relative to the plunger driver assembly and a support structure of the phinger driver

assembly to minimize axial thrust load from the telescoping screws.

27. The fhad delivery device of claim 26, wherein the thrust bearing feature comprises
a cap disposed on the outermost drive screw, the cap baving a boss for contacting a portion of
the support structure to resist an axial thrust load directed toward the proximal end of the
plunger driver assembly and generated by the plunger driver assembly, plunger or fluid in the

fluid chamber.

28. The thud delivery device of clamm 1, further comprising an encoder provided
relative to the plunger driver assembly to gencrate feedback data related to operation of the

plunger driver assembly.
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