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DESCRIPTION

FIELD

[0001] THIS INVENTION relates to drug delivery pumps. More particularly, this invention
relates to drive mechanisms for the controlled delivery of drug substances and drug delivery
pumps with such drive mechanisms. Methods of operating such devices, and the methods of
assembling such devices are also described.

BACKGROUND

[0002] Parenteral delivery of various drugs, i.e., delivery by means other than through the
digestive track, has become a desired method of drug delivery for a number of reasons. This
form of drug delivery by injection may enhance the effect of the substance being delivered and
ensure that the unaltered medicine reaches its intended site at a significant concentration.
Similarly, undesired side effects associated with other routes of delivery, such as systemic
toxicity, can potentially be avoided through parenteral delivery. By bypassing the digestive
system of a mammalian patient, one can avoid degradation of the active ingredients caused by
the catalytic enzymes in the digestive tract and liver and ensure that a necessary amount of
drug, at a desired concentration, reaches the targeted site.

[0003] Traditionally, manually operated syringes and injection pens have been employed for
delivering parenteral drugs to a patient. More recently, parenteral delivery of liquid medicines
into the body has been accomplished by administering bolus injections using a needle and
reservoir, continuously by gravity driven dispensers, or via transdermal patch technologies.
Bolus injections often imperfectly match the clinical needs of the patient, and usually require
larger individual doses than are desired at the

specific time they are given. Continuous delivery of medicine through gravity-feed systems
compromises the patient's mobility and lifestyle, and limits the therapy to simplistic flow rates
and profiles. Transdermal patches similarly have their restrictions. Transdermal patches often
require specific molecular drug structures for efficacy, and the control of the drug
administration through a transdermal patch is severely limited.

[0004] Ambulatory infusion pumps have been developed for delivering liquid medicaments to a
patient. These infusion devices have the ability to offer sophisticated fluid delivery profiles
accomplishing bolus requirements, continuous infusion and variable flow rate delivery. These
infusion capabilities usually result in better efficacy of the drug and therapy and less toxicity to
the patient's system. Currently available ambulatory infusion devices are expensive, difficult to
program and prepare for infusion, and tend to be bulky, heavy and very fragile. Filling these
devices can be difficult and require the patient to carry both the intended medication as well as
filling accessories. The devices often require specialized care, maintenance, and cleaning to



DK/EP 2890433 T3

assure proper functionality and safety for their intended long-term use, and are not cost-
effective for patients or healthcare providers.

[0005] As compared to syringes and injection pens, pump type delivery devices can be
significantly more convenient to a patient, in that doses of the drug may be calculated and
delivered automatically to a patient at any time during the day or night. Furthermore, when
used in conjunction with metabolic sensors or monitors, pumps may be automatically controlled
to provide appropriate doses of a fluidic medium at appropriate times of need, based on
sensed or monitored metabolic levels. As a result, pump type delivery devices have become an
important aspect of modern medical treatments of various types of medical conditions, such as
diabetes, and the like.

[0006] While pump type delivery systems have been utilized to solve a number of patient
needs, manually operated syringes and injection pens often remain a preferred choice for drug
delivery as they now provide integrated safety features and can easily be read to identify the
status of drug delivery and the end of dose dispensing. However, manually operated syringes
and injections pens are not universally applicable and are not preferred for delivery of all
drugs.

[0007] In US 4,676,122 there is described a mechanical drive system for driving a syringe, or
other fluid infusion system, over extended period of times, which drive system also provides
manual advance and quick release features. Manual advance and quick release is selectively
provided by mechanically decoupling a gear train from the syringe drive mechanism.

[0008] In US 4,602,700 there is described a drive arrangement that produces a rate-controlled
output displacement that is suited for driving a medical infusion apparatus. Energy for
producing the output displacement is derived from a wound spring which is coupled to an
output shaft by a redundant gearing system. First and second drive gears, and their associated
pinions on the output shaft, are rotationally displaced with respect to one another to prevent
alignment of potentially defective gear teeth and to align the teeth on one gear with the inter-
tooth spacings on the other. The output shaft additionally engages a rate-control arrangement
which governs the rate of rotation, and consequently, the rate of the displacement. The
possibility of uncontrolled rotation is reduced by providing a safety arrangement having a
safety gear plate which has fewer teeth than its associated drive gear. Additionally, an
associated driven gear, which may be a pinion, is provided with at least one indentation which
accommodates the teeth of the safety gear plate. A final gear in the rate-control system, which
may be an escapement ratchet wheel, is provided with an associated centrifugal braking
arrangement which operates to terminate rotation if a predetermined rate of rotation is
exceeded.

[0009] In WO 2010/112377 there is described a medicament delivery device that comprises a
housing for holding a medicament cartridge, a drive and a drive control means. The
medicament cartridge has a medicament outlet and a bung able to be driven via a piston rod
driven by the drive force of the drive and controlled by the drive control means. Additionally, the
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medicament delivery device comprises a restraining means for applying a restraining force to
the piston rod, in a direction opposite to the drive force. By varying the restraining force by the
drive control means the movement of the bung along the medicament cartridge can be
controlled.

[0010] In US 2011/301534 there is described an injection apparatus that has a carrier housing,
into which an injection device having at least one injection fluid container that can be pressed
out can be inserted, and an actuating apparatus which can be driven along an injection
direction in order to activate the injection device and which can be acted on for performing at
least one pricking stroke and one injection stroke by a mechanical energy storage unit and an
electrical transport unit. The actuating apparatus may be driven in the injection direction by the
driving force of a mechanical energy storage unit and the electrical transport unit may form a
speed limiter which acts counter to the driving force during an injection, in order to limit a
stroke speed attained via the energy storage unit.

[0011] In GB 2,166,497 there is described an infusion pump for the controllable long-term
injection of solutions from a syringe that comprises a rod for actuating the piston of the syringe.
The rod is actuated by a mechanical energy store, i.e. a spring, the release of energy from
which is retarded by a worm gearing controlled by a battery-operated electric motor. A ratchet
wheel associated with a pawl is fixed to the worm wheel. This permits the priming of the spring
to be achieved.

[0012] In US 5,747,350 there is described a system for dosing liquids that includes a dosing
device, a device for operating the dosing device, a device for entering data and a unit for
calculating the dosing displacement. Data are allocated to a dosing device which are
characteristic for the inside diameter of the dosing device and thus enable precise dosing. A
method for dosing using the system is also described. Examples for drug delivery devices
comprising a piston with a drive rack can be found in US5807334 and EP0204977 A1.

[0013] Nonetheless, there remains a need for an adjustable (and/or programmable) infusion
system that is precise and reliable and can offer clinicians and patients a small, low cost, light
weight, simple to use alternative for parenteral delivery of liquid medicines.

SUMMARY

[0014] The present invention provides drive mechanisms for the controlled delivery of drug
substances and drug delivery pumps with such drive mechanisms. Methods of operating such
devices, and the methods of assembling such devices are also described. Notably, the drive
mechanisms of the present invention control the rate of drug delivery by metering, providing
resistance, or otherwise preventing free axial translation of the plunger seal utilized to force a
drug substance out of a drug container. Embodiments of the present invention thus are
capable of delivering drug substances at variable rates. The drive mechanisms of the present
invention may be pre-configurable or dynamically configurable, such as by control by the
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power and control system, to meet desired delivery rates or profiles, as explained in detail
below. Additionally, the drive mechanisms of the present invention provide integrated status
indication features which provide feedback to the user before, during, and after drug delivery.
For example, the user may be provided with an initial feedback to identify that the system is
operational and ready for drug delivery. Upon activation, the system may then provide one or
more drug delivery status indications to the user. At completion of drug delivery, the drive
mechanism and drug pump may provide an end-of-dose indication. Because the end-of-dose
indication is related to the physical end of axial translation of one or more components of the
drive mechanism, the drive mechanism and drug pump provide a true end-of-dose indication
to the user. Through these mechanisms, confirmation of drug dose delivery can accurately be
provided to the user or administrator. Accordingly, the devices of the present invention alleviate
one or more of the problems associated with prior art devices, such as those referred to
above.

[0015] The present invention provides a controlled delivery drive mechanism having the
features of claim 1.

[0016] A controlled delivery drive mechanism is also described which includes a drug container
having a barrel and a plunger seal; a drive housing within which at least initially partially resides
a piston having an interface surface and a drive rack; and a power spring coupled, directly or
indirectly, to a drive pinion which interfaces with the drive rack of the piston to convert rotational
movement of the power spring and the drive pinion to axial translation of the drive rack. The
piston is configured to contact and axially translate the plunger seal within the barrel. This
configuration converts rotational movement of the drive pinion to axial translation of the drive
rack. A regulating mechanism meters the drive pinion such that the piston is axially translated
at a controlled rate.

[0017] The drug container may contain a drug fluid within a drug chamber for drug delivery at
a controlled rate.

[0018] In at least one embodiment, the regulating mechanism is an escapement regulating
mechanism coupled to, or acting with, the power spring. The escapement regulating
mechanism further includes a gear train having one or more gears, a rotation shaft, and a gear
transmission having one or more gears, wherein at least one gear of the gear transmission is
capable of engaging the drive pinion such that rotation of the gear causes rotation of the drive
pinion. In a particular embodiment, the escapement regulating element further includes a lever
and an escape wheel configured to engage and meter the rotational movement of the gear
train. The lever has pins and a prong, wherein the prong movably engages a post and is
configured to removably engage an impulse pin of a balance wheel, and wherein the balance
wheel engages and is capable of oscillating around the post in combination with a hair spring.
The escape wheel is a compound gear having escape teeth around the circumference of a
large diameter escape gear and a small diameter gear configured to engage and meter the
gear train. The metering of the drive pinion and/or the gear train by an escapement regulating
mechanism controls the rate or profile of drug delivery to a user.
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[0019] In at least one embodiment, the drive mechanism utilizes a status reader configured to
read or recognize one or more corresponding status triggers, wherein, during operation of the
drive mechanism, interaction between the status reader and the status triggers transmit a
signal to a power and control system to provide feedback to a user. The status reader may be
an optical status reader and the corresponding status triggers are gear teeth of a drive gear, a
mechanical status reader and the corresponding status triggers are gear teeth of the drive
gear, a mechanical status reader and the corresponding status triggers are external features
of the piston and/or drive rack, or an

optical status reader and the corresponding status triggers are external features of the piston
and/or drive rack.

[0020] In a further embodiment, the present invention provides a drug delivery pump having a
controlled delivery drive mechanism. The drug pump includes a housing and an assembly
platform, upon which are mounted an activation mechanism, an insertion mechanism, a fluid
pathway connection, a power and control system, and the controlled delivery drive mechanism
described above. The drug container of the drug pump contains a drug fluid within a drug
chamber for drug delivery at a controlled rate.

[0021] The drug pump may utilize the first controlled delivery drive mechanism described
above, which configuration utilizes a linear power spring to convert axial force into torsional
motion of a drive pinion, or the second controlled delivery drive mechanism described above,
which configuration utilizes a power spring and converts rotational movement of the drive
pinion to axial translation of the drive rack. In either case, the piston is configured to contact
and axially translate the plunger seal within barrel. Each arrangement may also utilize a
regulating mechanism to meter the drive pinion such that the piston is axially translated by the
linear power spring at a controlled rate.

[0022] In at least one embodiment, the regulating mechanism is an escapement regulating
mechanism coupled to, or acting with, the power spring. The escapement regulating
mechanism further includes a gear train having one or more gears, a rotation shaft, and a gear
transmission having one or more gears, wherein at least one gear of the gear transmission is
capable of engaging the drive pinion such that rotation of the gear causes rotation of the drive
pinion. In a particular embodiment, the escapement regulating element further includes a lever
and an escape wheel configured to engage and meter the rotational movement of the gear
train. The lever has pins and a prong, wherein the prong movably engages a post and is
configured to removably engage an impulse pin of a balance wheel, and wherein the balance
wheel engages and is capable of oscillating around the post in combination with a hair spring.
The escape wheel is a compound gear having escape teeth around the circumference of a
large diameter escape gear and a small diameter gear configured to engage and meter the
gear train. The metering of the drive pinion and/or the gear train by an escapement regulating
mechanism controls the rate or profile of drug delivery to a user.

[0023] In at least one embodiment, the drug pump utilizes a status reader configured to read
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or recognize one or more corresponding status triggers, wherein, during operation of the drive
mechanism, interaction between the status reader and the status triggers transmit a signal to a
power and control system to provide feedback to a user. The status reader may be an optical
status reader and the corresponding status triggers are gear teeth of a drive gear, a
mechanical status reader and the corresponding status triggers are gear teeth of the drive
gear, a mechanical status reader and the corresponding status triggers are external features
of the piston and/or drive rack, or an optical status reader and the corresponding status
triggers are external features of the piston and/or drive rack.

[0024] Embodiments of the present invention provide drive mechanisms which are capable of
metering, providing resistance, or otherwise preventing free axial translation of the plunger
seal utilized to force a drug substance out of a drug container and, thereby, controlling the rate
of delivery of drug substances. The controlled delivery drive mechanisms are additionally
capable of providing the incremental status of the drug delivery before, during, and after
operation of the device. Throughout this specification, unless otherwise indicated, "comprise,"”
"comprises,” and "comprising,” or related terms such as "includes" or "consists of," are used
inclusively rather than exclusively, so that a stated integer or group of integers may include one
or more other non-stated integers or groups of integers. As will be described further below, the
embodiments of the present invention may include one or more additional components which
may be considered standard components in the industry of medical devices. For example, the
embodiments may include one or more batteries utilized to power the motor, drive
mechanisms, and drug pumps of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The following arrangements are described herein with reference to the following
drawings, wherein:

FIG. 1A shows an isometric view of a drug delivery pump having a variable rate controlled
delivery drive mechanism;

FIG. 1B shows an isometric view of the interior components of the drug delivery pump shown
in FIG. 1A (shown without the adhesive patch);

FIG. 1C shows an isometric view of the bottom of the drug delivery pump shown in FIG. 1A
(shown without the adhesive patch);

FIG. 2 shows an isometric view of a controlled delivery drive mechanism;

FIG. 3A shows a partially exploded view, along an axis "A," of the drive mechanism shown in
FIG. 2;

FIG. 3B shows a fully exploded view, along an axis "A" and along a perpendicular axis "B", of
certain components of the drive mechanism shown in FIG. 2;
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FIGS. 4A-4C shows an enlarged view of an escapement regulating mechanism of a drive
mechanism;

FIGS. 4D-4H shows the progression of the escapement regulating mechanism shown in FIGS.
4A-4C, during operation;

FIG. 5A shows an isometric view of the drive mechanism shown in FIG. 2 in an initial inactive
state;

FIG. 5B shows an isometric view of the drive mechanism shown in FIG. 2 in an actuated state
as the mechanism controls the rate or profile of drug delivery;

FIG. 5C shows an isometric view of the drive mechanism shown in FIG. 2 as the mechanism
completes drug delivery;

FIG. 6A shows a cross-sectional view of the drive mechanism shown in FIG. 5A in an initial
inactive state;

FIG. 6B shows a cross-sectional view of the drive mechanism shown in FIG. 5B in an actuated
state as the mechanism controls the rate or profile of drug delivery;

FIG. 6C shows a cross-sectional view of the drive mechanism shown in FIG. 5C as the
mechanism completes drug delivery and, optionally, performs a compliance push to ensure
completion of drug delivery;

FIG. 7 shows an isometric view of a controlled delivery drive mechanism which incorporates a
status indicator;

FIG. 8 shows an isometric view of a controlled delivery drive mechanism according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0026] The present invention provides drive mechanisms for the controlled delivery of drug
substances and drug delivery pumps which incorporate such drive mechanisms. The drive
mechanisms of the present invention control the rate of drug delivery by metering, providing
resistance, or otherwise preventing free axial translation of the plunger seal utilized to force a
drug substance out of a drug container and, thus, are capable of delivering drug substances at
variable rates and/or delivery profiles. Additionally, the drive mechanisms of the present
invention provide integrated status indication features which provide feedback to the user
before, during, and after drug delivery. For example, the user may be provided an initial
feedback to identify that the system is operational and ready for drug delivery. Upon activation,
the system may then provide one or more drug delivery status indications to the user. At
completion of drug delivery, the variable rate drive mechanism and drug pump may provide an
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end-of-dose indication.

[0027] As used herein to describe the drive mechanisms, drug delivery pumps, or any of the
relative positions of the components of the present invention, the terms "axial”" or "axially" refer
generally to a longitudinal axis "A" around which the drive mechanisms are preferably
positioned, although not necessarily symmetrically there-around. For clarity, the accompanying
figure drawings also utilize an axis "B" which is perpendicular to axis "A". The term "radial"
refers generally to a direction normal to axis A. The terms "proximal,” "rear," "rearward,"
"back,” or "backward" refer generally to an axial direction in the direction "P". The terms
"distal," "front,” "frontward," "depressed," or "forward" refer generally to an axial direction in the
direction "D". As used herein, the term "glass” should be understood to include other similarly
non-reactive materials suitable for use in a pharmaceutical grade application that would
normally require glass, including but not limited to certain non-reactive polymers such as cyclic
olefin copolymers (COC) and cyclic olefin polymers (COP). The term "plastic’ may include both
thermoplastic and thermosetting polymers. Thermoplastic polymers can be re-softened to their
original condition by heat; thermosetting polymers cannot. As used herein, the term "plastic”
refers primarily to moldable thermoplastic polymers such as, for example, polyethylene and
polypropylene, or an acrylic resin, that also typically contain other ingredients such as
curatives, fillers, reinforcing agents, colorants, and/or plasticizers, etc., and that can be

formed or molded under heat and pressure. As used herein, the term "plastic” is not meant to
include glass, non-reactive polymers, or elastomers that are approved for use in applications
where they are in direct contact with therapeutic liquids that can interact with plastic or that can
be degraded by substituents that could otherwise enter the liquid from plastic. The term
"elastomer,” "elastomeric" or “elastomeric material" refers primarily to cross-linked
thermosetting rubbery polymers that are more easily deformable than plastics but that are
approved for use with pharmaceutical grade fluids and are not readily susceptible to leaching
or gas migration under ambient temperature and pressure. "Fluid" refers primarily to liquids,
but can also include suspensions of solids dispersed in liquids, and gasses dissolved in or
otherwise present together within liquids inside the fluid-containing portions of the drug pumps.
According to various aspects and embodiments described herein, reference is made to a
"biasing member", such as in the context of one or more biasing members for asserting force
on a plunger seal. It will be appreciated that the biasing member may be any member that is
capable of storing and releasing energy. Nonlimiting examples include a spring, such as for
example a coiled spring, a compression or extension spring, a torsional spring, or a leaf spring,
a resiliently compressible or elastic band, or any other member with similar functions. In at
least one embodiment of the present invention, the biasing member utilized by the drive
mechanisms is a spring, preferably a torsional or power spring.

[0028] The devices of the present invention provide variable rate controlled delivery drive
mechanisms with integrated status indication and drug delivery pumps which incorporate such
drive mechanisms. Such devices are safe and easy to use, and are aesthetically and
ergonomically appealing for self-administering patients. The devices described herein
incorporate features which make activation, operation, and lock-out of the device simple for
even untrained users. The devices of the present invention provide these desirable features
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without any of the problems associated with known prior art devices. Certain nonlimiting
embodiments of the drug delivery pumps, drive mechanisms, and their respective components
are described further herein with reference to the accompanying figures.

[0029] As used herein, the term "pump" is intended to include any number of drug delivery
systems which are capable of dispensing a fluid to a user upon activation. Such drug delivery
systems include, for example, injection systems, infusion pumps, bolus injectors, and the like.
FIGS. 1A-1C show an exemplary drug delivery device or drug pump. The drug delivery

device may be utilized to administer delivery of a drug treatment into a body of a user. As
shown in FIGS. 1A-1C, the drug pump 10 includes a pump housing 12. Pump housing 12 may
include one or more housing subcomponents which are fixedly engageable to facilitate easier
manufacturing, assembly, and operation of the drug pump. For example, drug pump 10
includes a pump housing 12 which includes an upper housing 12A and a lower housing 12B.
The drug pump may further include an activation mechanism 14, a status indicator 16, and a
window 18. Window 18 may be any translucent or transmissive surface through which the
operation of the drug pump may be viewed. As shown in FIG. 1B, the drug pump further
includes assembly platform 20, sterile fluid conduit 30, drive mechanism 100 having drug
container 50, insertion mechanism 200, fluid pathway connection 300, and power and control
system 400. One or more of the components of such drug pumps may be modular in that they
may be, for example, pre-assembled as separate components and configured into position
onto the assembly platform 20 of the drug pump 10 during manufacturing.

[0030] The pump housing 12 contains all of the device components and provides a means of
removably attaching the device 10 to the skin of the user. The pump housing 12 also provides
protection to the interior components of the device 10 against environmental influences. The
pump housing 12 is ergonomically and aesthetically designed in size, shape, and related
features to facilitate easy packaging, storage, handling, and use by users who may be
untrained and/or physically impaired. Furthermore, the external surface of the pump housing
12 may be utilized to provide product labeling, safety instructions, and the like. Additionally, as
described above, housing 12 may include certain components, such as status indicator 16 and
window 18, which may provide operation feedback to the user.

[0031] In at least one arrangement, the drug pump 10 provides an activation mechanism 14
that is displaced by the user to trigger the start command to the power and control system 400.
In a preferred arrangement, the activation mechanism is a start button 14 that is located
through the pump housing 12, such as through an aperture between upper housing 12A and
lower housing 12B, and which contacts a control arm 40 of the power and control system 400.
In at least one arrangement, the start button 14 may be a push button, and in other
arrangements, may be an on/off switch, a toggle, or any similar activation feature known in the
art. The pump housing 12 also provides a status indicator 16 and a window 18. In other
arrangements, one or more of the activation mechanism 14, the status indicator 16, the
window 18, and combinations thereof may be

provided on the upper housing 12A or the lower housing 12B such as, for example, on a side
visible to the user when the drug pump 10 is placed on the body of the user. Housing 12 is
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described in further detail hereinafter.

[0032] The drug pump is configured such that, upon activation by a user by depression of the
activation mechanism, the drug pump is initiated to: insert a fluid pathway into the user; enable,
connect, or open necessary connections between a drug container, a fluid pathway, and a
sterile fluid conduit; and force drug fluid stored in the drug container through the fluid pathway
and fluid conduit for delivery into a user. One or more optional safety mechanisms may be
utilized, for example, to prevent premature activation of the drug pump. For example, an
optional on-body sensor 24 (shown in FIG. 1C) may be provided in one arrangement as a
safety feature to ensure that the power and control system 400, or the activation mechanism,
cannot be engaged unless the drug pump 10 is in contact with the body of the user. In one
such arrangement, the on-body sensor 24 is located on the bottom of lower housing 12B
where it may come in contact with the user's body. Upon displacement of the on-body sensor
24, depression of the activation mechanism is permitted. Accordingly, in at least one
arrangement the on-body sensor 24 is a mechanical safety mechanism, such as for example a
mechanical lock out, that prevents triggering of the drug pump 10 by the activation mechanism
14. In another arrangement, the on-body sensor may be an electro-mechanical sensor such as
a mechanical lock out that sends a signal to the power and control system 400 to permit
activation. In still other arrangements, the on-body sensor can be electrically based such as,
for example, a capacitive- or impedance-based sensor which must detect tissue before
permitting activation of the power and control system 400. These concepts are not mutually
exclusive and one or more combinations may be utilized within the breadth of the present
invention to prevent, for example, premature activation of the drug pump. In a preferred
arrangement, the drug pump 10 utilizes one or more mechanical on-body sensors. Additional
integrated safety mechanisms are described herein with reference to other components of the
drug pumps.

Power and Control System:

[0033] The power and control system 400 includes a power source, which provides the energy
for various electrical components within the drug pump, one or more feedback mechanisms, a
microcontroller, a circuit board, one or more conductive pads, and one or more interconnects.
Other components commonly used in such electrical systems may also be included, as would
be appreciated by one having ordinary skill in the art. The one or more feedback mechanisms
may include, for example, audible alarms such as piezo alarms and/or light indicators such as
light emitting diodes (LEDs). The microcontroller may be, for example, a microprocessor. The
power and control system 400 controls several device interactions with the user and interfaces
with the drive mechanism 100. In one arrangement, the power and control system 400
interfaces with the control arm 40 to identify when the on-body sensor 24 and/or the activation
mechanism 14 have been activated. The power and control system 400 may also interface
with the status indicator 16 of the pump housing 12, which may be a transmissive or
translucent material which permits light transfer, to provide visual feedback to the user. The
power and control system 400 interfaces with the drive mechanism 100 through one or more
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interconnects to relay status indication, such as activation, drug delivery, and end-of-dose, to
the user. Such status indication may be presented to the user via auditory tones, such as
through the audible alarms, and/or via visual indicators, such as through the LEDs. In a
preferred arrangement, the control interfaces between the power and control system and the
other components of the drug pump are not engaged or connected until activation by the user.
This is a desirable safety feature that prevents accidental operation of the drug pump and may
additionally maintain the energy contained in the power source during storage, transportation,
and the like.

[0034] The power and control system 400 may be configured to provide a number of different
status indicators to the user. For example, the power and control system 400 may be
configured such that after the on-body sensor and/or trigger mechanism have been pressed,
the power and control system 400 provides a ready-to-start status signal via the status
indicator 16 if device start-up checks provide no errors. After providing the ready-to-start status
signal and, in an arrangement with the optional on-body sensor, if the on-body sensor remains
in contact with the body of the user, the power and control system 400 will power the drive
mechanism 100 to begin delivery of the drug treatment through the fluid pathway connection
300 and sterile fluid conduit 30. In a preferred arrangement, the insertion mechanism 200 and
the fluid pathway connection 300 may be caused to activate directly by user operation of the
activation mechanism 14. During the drug delivery process, the power and control system 400
is configured to provide a dispensing status signal via the status indicator 16. After the drug
has been administered into the body of the user and after the end of

any additional dwell time, to ensure that substantially the entire dose has been delivered to the
user, the power and control system 400 may provide an okay-to-remove status signal via the
status indicator 16. This may be independently verified by the user by viewing the drive
mechanism and drug dose delivery through the window 18 of the pump housing 12.
Additionally, the power and control system 400 may be configured to provide one or more alert
signals via the status indicator 16, such as for example alerts indicative of fault or operation
failure situations.

[0035] Other power and control system configurations may be utilized with the drug pumps of
the present invention. For example, certain activation delays may be utilized during drug
delivery. As mentioned above, one such delay optionally included within the system
configuration is a dwell time which ensures that substantially the entire drug dose has been
delivered before signaling completion to the user. Similarly, activation of the device may require
a delayed depression (i.e., pushing) of the activation mechanism 14 of the drug pump 10 prior
to drug pump activation. Additionally, the system may include a feature which permits the user
to respond to the end-of-dose signals and to deactivate or power-down the drug pump. Such a
feature may similarly require a delayed depression of the activation mechanism, to prevent
accidental deactivation of the device. Such features provide desirable safety integration and
ease-of-use parameters to the drug pumps. An additional safety feature may be integrated into
the activation mechanism to prevent partial depression and, therefore, partial activation of the
drug pumps. For example, the activation mechanism and/or power and control system may be
configured such that the device is either completely off or completely on, to prevent partial
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activation. Such features are described in further detail hereinafter with regard to other aspects
of the drug pumps.

Fluid Pathway Connection:

[0036] A number of fluid pathway connections may be utilized within the embodiments of the
present invention. Generally, a suitable fluid pathway connection includes a sterile fluid conduit,
a piercing member, and a sterile sleeve attached to a drug container or a sliding pierceable
seal integrated within a drug container. The fluid pathway connection may further include one
or more flow restrictors. Upon proper activation of the device 10, the fluid pathway connection
300 is enabled to connect the sterile fluid conduit 30 to the drug container of the drive
mechanism 100. Such connection may be facilitated by a piercing member, such as a needle,
penetrating a pierceable seal of the drug container of the drive mechanism 100. The sterility of
this connection may be

maintained by performing the connection within a flexible sterile sleeve. Upon substantially
simultaneous activation of the insertion mechanism, the fluid pathway between drug container
and insertion mechanism is complete to permit drug delivery into the body of the user.

[0037] In at least one embodiment of the present invention, the piercing member of the fluid
pathway connection is caused to penetrate the pierceable seal of the drug container of the
drive mechanism by direct action of the user, such as by depression of the activation
mechanism by the user. For example, the activation mechanism itself may bear on the fluid
pathway connection such that displacement of the activation mechanism from its original
position also causes displacement of the fluid pathway connection. In one such embodiment,
the fluid pathway connection may be substantially similar to that described in International
Patent Publication No. WO 2013/040032. According to such an embodiment, the connection is
enabled by the user depressing the activation mechanism and, thereby, driving the piercing
member through the pierceable seal, because this prevents fluid flow from the drug container
until desired by the user. In such an embodiment, a compressible sterile sleeve may be fixedly
attached between the cap of the drug container and the connection hub of the fluid pathway
connection. The piercing member may reside within the sterile sleeve until a connection
between the fluid connection pathway and the drug container is desired. The sterile sleeve
may be sterilized to ensure the sterility of the piercing member and the fluid pathway prior to
activation.

[0038] Alternatively, the fluid pathway connection may be integrated into a drug container as
described in International Patent Publication No. WO 2014/116274, for example. According to
such an embodiment, a drug container may have a drug chamber within a barrel between a
pierceable seal and a plunger seal. A drug fluid is contained in the drug chamber. Upon
activation of the device by the user, a drive mechanism asserts a force on a plunger seal
contained in the drug container. As the plunger seal asserts a force on the drug fluid and any
air/gas gap or bubble, a combination of pneumatic and hydraulic pressure builds by
compression of the air/gas and drug fluid and the force is relayed to the sliding pierceable seal.
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The sliding pierceable seal is caused to slide towards the cap, causing it to be pierced by the
piercing member retained within the integrated sterile fluid pathway connection. Accordingly,
the integrated sterile fluid pathway connection is connected (i.e., the fluid pathway is opened)
by the combination pneumatic/hydraulic force of the air/gas and drug fluid within the drug
chamber created by activation of a drive mechanism. Once the integrated sterile fluid pathway
connection is connected or opened, drug fluid is permitted to flow from the drug container,
through the integrated sterile fluid pathway connection, sterile fluid conduit, and insertion
mechanism, and into the body of the user for drug delivery. In at least one embodiment, the
fluid flows through only a manifold and a cannula and/or needle of the insertion mechanism,
thereby maintaining the sterility of the fluid pathway before and during drug delivery.

[0039] Regardless of the fluid pathway connection utilized by the drug pump, the drug pump is
capable of delivering a range of drugs with different viscosities and volumes. The drug pump is
capable of delivering a drug at a controlled flow rate (speed) and/or of a specified volume. In
one embodiment, the drug delivery process is controlled by one or more flow restrictors within
the fluid pathway connection and/or the sterile fluid conduit. In other embodiments, other flow
rates may be provided by varying the geometry of the fluid flow path or delivery conduit,
varying the speed at which a component of the drive mechanism advances into the drug
container to dispense the drug therein, or combinations thereof. Still further details about the
fluid pathway connection 300 and the sterile fluid conduit 30 are provided hereinafter in later
sections in reference to other embodiments.

Insertion Mechanism:

[0040] A number of insertion mechanisms may be utilized within the drug pumps of the present
invention. The pump-type delivery devices of the present invention may be connected in fluid
flow communication to a patient or user, for example, through any suitable hollow tubing. A
solid bore needle may be used to pierce the skin of the patient and place a hollow cannula at
the appropriate delivery position, with the solid bore needle being removed or retracted prior to
drug delivery to the patient. As stated above, the fluid can be introduced into the body through
any number of means, including but not limited to: an automatically inserted needle, cannula,
micro-needle array, or infusion set tubing. A number of mechanisms may also be employed to
activate the needle insertion into the patient. For example, a biasing member such as a spring
may be employed to provide sufficient force to cause the needle and cannula to pierce the skin
of the patient. The same spring, an additional spring, or another similar mechanism may be
utilized to retract the needle from the patient. In a preferred embodiment, the insertion
mechanism may generally be as described in International Patent Publication

No. WO 2013/033421. Such a configuration may be utilized for insertion of the drug delivery
pathway into, or below, the skin (or muscle) of the patient in a manner that minimizes pain to
the patient. Other known methods for insertion of a fluid pathway may be utilized and are
contemplated within the bounds of the present invention.

[0041] In at least one embodiment, the insertion mechanism 200 includes an insertion
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mechanism housing having one or more lockout windows, and a base for connection to the
assembly platform and/or pump housing (as shown in FIG. 1B and FIG. 1C). The connection of
the base to the assembly platform 20 may be, for example, such that the bottom of the base is
permitted to pass-through a hole in the assembly platform to permit direct contact of the base
to the body of the user. In such configurations, the bottom of the base may include a sealing
membrane that is removable prior to use of the drug pump 10. The insertion mechanism may
further include one or more insertion biasing members, a needle, a retraction biasing member,
a cannula, and a manifold. The manifold may connect to sterile fluid conduit 30 to permit fluid
flow through the manifold, cannula, and into the body of the user during drug delivery.

[0042] As used herein, "needle" is intended to refer to a variety of needles including but not
limited to conventional hollow needles, such as a rigid hollow steel needles, and solid core
needles more commonly referred to as "trocars." In a preferred embodiment, the needle is a
27 gauge solid core trocar and in other embodiments, the needle may be any size needle
suitable to insert the cannula for the type of drug and drug administration (e.g., subcutaneous,
intramuscular, intradermal, etc.) intended. A sterile boot may be utilized within the needle
insertion mechanism. The sterile boot is a collapsible sterile membrane that is in fixed
engagement at a proximal end with the manifold and at a distal end with the base. In at least
one embodiment, the sterile boot is maintained in fixed engagement at a distal end between
base and insertion mechanism housing. The base includes a base opening through which the
needle and cannula may pass-through during operation of the insertion mechanism, as will be
described further below. Sterility of the cannula and needle are maintained by their initial
positioning within the sterile portions of the insertion mechanism. Specifically, as described
above, the needle and cannula are maintained in the sterile environment of the manifold and
sterile boot. The base opening of base may be closed from non-sterile environments as well,
such as by for example a sealing membrane 254 (shown in FIG. 1C).

[0043] According to at least one arrangement, the insertion mechanism is initially locked into a
ready-to-use stage by lockout pin(s) which are initially positioned within lockout windows of the
insertion mechanism housing. In this initial configuration, the insertion biasing member and
retraction biasing member are each retained in their compressed, energized states. As shown
in FIG. 1B, the lockout pin(s) 208 may be directly displaced by user depression of the
activation mechanism 14. As the user disengages any safety mechanisms, such as an optional
on-body sensor 24 (shown in FIG. 1C), the activation mechanism 14 may be depressed to
initiate the drug pump. Depression of the activation mechanism 14 may directly cause
translation or displacement of control arm 40 and directly or indirectly cause displacement of
lockout pin(s) 208 from their initial position within locking windows 202A of insertion mechanism
housing 202. Displacement of the lockout pin(s) 208 permits the insertion biasing member to
decompress from its initial compressed, energized state. This decompression of the insertion
biasing member drives the needle and the cannula into the body of the user. At the end of the
insertion stage, the retraction biasing member is permitted to expand in the proximal direction
from its initial energized state. This axial expansion in the proximal direction of the retraction
biasing member retracts the needle, while maintaining the cannula in fluid communication with
the body of the user. Accordingly, the insertion mechanism may be used to insert a needle and
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cannula into the user and, subsequently, retract the needle while retaining the cannula in
position for drug delivery to the body of the user.

Drive Mechanism:

[0044] With reference to the arrangements shown in FIGS. 2 and 3, drive mechanism 100
includes a drive housing 130, and a drug container 50 having a cap 52, a pierceable seal 56, a
barrel 58, and a plunger seal 60. A drug chamber 21, located within the barrel 58 between the
pierceable seal and the plunger seal 60, may contain a drug fluid for delivery through the
insertion mechanism and drug pump into the body of the user. The seals described herein may
be comprised of a number of materials but are, in a preferred arrangement, comprised of one
or more elastomers or rubbers. The drive mechanism may further include a connection mount
54 to guide the insertion of the piercing member of the fluid pathway connection into the barrel
58 of the drug container 50. The drive mechanism 100 may further contain one or more drive
biasing members, one or more release mechanisms, and one or more guides, as are
described further herein. The components of the drive mechanism function to force a fluid from
the drug container

out through the pierceable seal, or preferably through the piercing member of the fluid pathway
connection, for delivery through the fluid pathway connection, sterile fluid conduit, and insertion
mechanism into the body of the user.

[0045] The drive mechanism 100 employs one or more springs as the drive biasing
member(s). Upon activation of the drug pump by the user, the power and control system may
be actuated to directly or indirectly release the spring(s) from an energized state. Upon
release, the spring(s) may be utilized, directly or indirectly, to drive the plunger seal and force
the fluid drug out of the drug container. More specifically, the spring may be utilized, directly or
indirectly, to drive a piston which, in turn, acts upon the plunger seal to force the fluid drug out
of the drug container. The fluid pathway connection may be connected through the pierceable
seal prior to, concurrently with, or after activation of the drive mechanism to permit fluid flow
from the drug container, through the fluid pathway connection, sterile fluid conduit, and
insertion mechanism, and into the body of the user for drug delivery. In at least one
embodiment, the fluid flows through only a manifold and a cannula of the insertion mechanism,
thereby maintaining the sterility of the fluid pathway before and during drug delivery. Such
components and their functions are described in further detail hereinafter.

[0046] Referring now to the drive mechanism shown in FIG. 2 and FIG. 3, the drive
mechanism 100 includes a drug container 50 having a cap 52, a pierceable seal 56, a barrel
58, and a plunger seal 60, and optionally a connection mount 54. The drug container 50 is
mounted to a distal end of a drive housing 130. A piston 110 having an interface surface 110C
and a drive rack 110A is retained at least partially within the drive housing 130, between the
drug container 50 and the proximal end of the housing 130. Optionally, a cover sleeve may be
utilized to engage the piston 110 and cover the drive rack 110A to hide such components from
user view upon expansion from its initial position. The cover sleeve may be configured to
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engage and slide upon the piston 110, between the piston 110 and the distal end of the drive
mechanism housing 130 to hide the drive rack 110A from user view upon expansion from its
initial energized state.

[0047] As shown in FIGS. 3A and 3B, the controlled delivery drive mechanism 100 utilizes a
power spring 122 coupled, directly or indirectly to the drive pinion 120 which interfaces with
drive rack 110A of the piston 110 to convert rotational movement of the drive pinion 120 to
axial translation of the drive rack 110A,

thereby pushing plunger seal 60 within barrel 58 to force a fluid from drug chamber 21.
Notably, the power spring 122 imparts torque to a gear assembly, such as the drive pinion 120,
which pushes a plunger seal 60 within barrel 58 which contains the drug substance. In an
embodiment of the present invention a linear power spring 1122 is coupled directly or indirectly
to the piston 110 with drive rack 110A to convert axial force into torsional motion which is
coupled to drive pinion 120 and into the regulating mechanism 500, as shown in FIG.8. In both
configurations, the plunger seal 60 advances into the drug container 50, the drug substance is
dispensed through the sterile pathway connection 300, conduit 30, insertion mechanism 200,
and into the body of the user for drug delivery. Certain reaction forces on the plunger seal,
such as hydraulic resistance from the flow of the drug substance and friction of the plunger
seal against the barrel, can vary significantly. As such, it is desirable to have a regulating
mechanism 500 in the drive mechanism 100 which keeps a constant rate of delivery as these
forces vary. In embodiments of the present invention, the regulating mechanism 500 is an
escapement regulating mechanism. The escapement regulating mechanism retards or
restrains the gear assembly, only allowing it to advance at a regulated or desirable rate. In
such a configuration, the power spring 122 is designed to supply sufficient torque to overcome
worst case variations in the hydraulic and frictional forces. In theory, any excess force which
occurs under more nominal reaction force conditions is absorbed by the escapement
regulating mechanism and the delivery rate remains constant.

[0048] In at least one arrangement, the drive mechanism 100 utilizes an escapement
regulating element 500 and a power spring 122. The power spring 122 is configured to provide
rotational movement, around an axis "B", to one or more gears 512, 514, 516 of a gear train
510 (and/or to gear 522 of gear transmission 550). Each of the gears 512, 514, 516 may be,
for example, compound gears having a small diameter gear attached at a shared center point
to a large diameter gear. For example first compound gear 512 has small diameter gear 512B
(not visible) attached to large diameter gear 512A. The small diameter gear of each compound
gear engages the large diameter gear, for example, of the next compound gear in the gear
train 510 such that rotational movement of the first compound gear 512 is conveyed by
engagement of the gears (such as by engagement of corresponding gear teeth) to the second
compound gear 514, and so on through the gear train 510. Such rotational movement of the
gear train 510 may be conveyed by a rotation shaft 518 to a gear transmission 550 having one
or more gears, including drive gear 520. For example, the gear transmission 550

may include gear 522 and gear 524 in addition to drive gear 520. The drive gear 520 is
connected to drive pinion 120 (such as by connection protrusion 120A) such that rotation of the
drive gear 520 causes rotation of the drive pinion 120. The drive pinion 120 is configured to
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engage the drive rack 110A of the piston 110 to convert rotational movement of the drive pinion
120 to axial translation of the drive rack 110A, thereby pushing plunger seal 60 within barrel 58
to force a fluid from drug chamber 21. The rotational movement of the drive gear 520, and
thus the axial translation of the drive rack 110A and plunger seal 60, are metered, restrained,
or otherwise prevented from free axial translation by other components of the escapement
regulating element 500, as described herein.

[0049] In at least one arrangement, the rotation shaft 518 is keyed to both the first compound
gear 512 and the first gear 522 of the gear transmission 550. This configuration permits
rotational movement of the first compound gear 512, which is in direct rotational alignment
and/or relationship with the power spring 122, to be keyed and cause power transfer and
rotation of the gear transmission 550 (such as at gear 522). In this configuration, at least some
of power from the power spring 122 is directed for use in axially translating the drive rack 110A
of the piston 110 and the plunger seal 60; while at least a portion of the power from the power
spring 122 is directed for use by the escape wheel 562, balance wheel 566, hair spring 568,
and lever 564 components of the escapement regulating element 500. Accordingly, while the
power spring provides force used for axial translation of the plunger seal 60, it also powers the
escapement regulating element 500 which functions to meter or restrain the force provided for
such axial translation. The compound gear structure of the gear train 510 permits the splitting
of the force provided by the power spring 122. Some of the power from the power spring 122 is
transferred directly to gear 522, rotation shaft 518, and first gear 522 of the gear transmission
550; while some of the power is transferred to gear 514, gear 516, lever 564, and escape
wheel 562, for regulation or metering by interaction with the balance wheel 566 and hair spring
568, to permit a small diameter gear 562B of the escape wheel 562 to regulate or meter the
gear train 510.

[0050] The escapement regulating element 500 further includes an escape wheel 562 and a
lever 564. The escape wheel 562 is a compound gear having escape teeth around the
circumference of a large diameter escape gear 562A and a small diameter gear 562B (not
visible) configured to engage the gear train 510 and meter, restrain, or otherwise prevent free
rotational movement thereof. The lever 564 has pins 564A,B and prong 564C. Prong 564C
movably engages a post 566A and is configured to removably engage an impulse pin 566B of
a balance wheel 566. The balance wheel 566 engages and functions as an oscillator around a
pivot point 564D in combination with a hair spring 568. The power spring 122 may be retained
or braced within a winder 502 in a manner that permits the power spring 122 to rotationally
move freely within the winder 502. The gear train 510, escape wheel 562, balance wheel 566,
hair spring 568, and lever 564 may be mounted on and able to freely rotate or move on a plate
504. Similarly, gear transmission 550 may be mounted on and able to freely rotate on a
platform 506. The winder 502, plate 504, and platform 506 may utilize one or more spacer
columns to maintain the desired spacing between components and one or more pivot pins
upon which the components may be mounted and freely rotated.

[0051] The function of the escape wheel 562, balance wheel 566, hair spring 568, and lever
564 components of the escapement regulating element 500 are explained with reference to
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FIG. 3B and FIGS. 4A-4H. The escape wheel 562 is a compound gear having escape teeth
around the circumference of a large diameter escape gear 562 A and a small diameter gear
562B (not visible) configured to engage the gear train 510 and meter, restrain, or otherwise
prevent free rotational movement thereof. The lever 564 has pins 564A,B and prong 564C.
Prong 564C movably engages a post 566A and is configured to removably engage an impulse
pin 566B of a balance wheel 566. The balance wheel 566 engages and functions as an
oscillator around a pivot point 564D in combination with a hair spring 568. The escape wheel
562 and lever 564 may initially be in an activation position, as shown in FIG. 4A. The escape
wheel 562 and lever 564 generally function to perform two steps, termed the locking action and
the impulse action. These two actions are illustrated in FIG. 4B and FIG. 4C, respectively, and
in which the gear train 510 is applying a clockwise torque on the escape wheel 562. In the
locking action, one of two lever pins 564A,B blocks escape wheel 562 rotation on the radial
face of a tooth on the escape gear 562A. This locks the gear train 510 between impulse
actions. In the impulse action, a lever pin 564A,B slides up to this tooth face due to action of
the balance wheel 566 on the lever 564. The escape wheel becomes unlocked and does
mechanical work on the lever pin 564 A, B via a sliding action, which in turn imparts kinetic
energy to the balance wheel 566. The lever 564 pivots upon a pivot point 564D until the
opposite pin 564A,B engages with an escape wheel tooth on the escape gear 562A, and the
locked state is re-entered after a half tooth advance of the escape wheel 562. The transition
from locking action to impulse action is

triggered by the balance wheel 566, which functions as an oscillator in combination with the
hair spring 568. It cycles at a natural frequency that serves as the rate control. The balance
wheel 566 contains an impulse pin 566B which interacts with the lever 564 at prong 564C. For
the impulse phase depicted in FIG. 4C, a clockwise moment on the lever 564 exerts a
counterclockwise moment on the balance wheel 566, adding to its kinetic energy. The balance
wheel 566 rotates until its kinetic energy is absorbed by the hair spring 568. It stops, reverses,
and reengages the impulse pin 566B with the lever 564. A complete cycle is shown in the
transition between FIGS. 4D-4H.

[0052] To unlock the escapement regulating mechanism 500, the balance wheel 566 must
have enough kinetic energy to drag the lever pin 564A B up the face of the tooth of the escape
gear 562A of the escape wheel 562. If the impulse action adds less energy than is lost to
friction, the balance wheel 566 will rotate less and less and finally stall, locking the escapement
regulating mechanism 500. If the escapement stops in this way under load, it will not restart
easily. To be self-starting, the hair spring 568 must align the lever 564 along the axis
connecting the pivot of the escape wheel 562 and the pivot of the balance wheel 566, as
shown in FIG. 4A. The lever pins 564A,B will be positioned so that a bevel tooth face can
immediately start an impulse action upon application of a drive torque. This alignment can
occur only with the escapement regulating mechanism 500 in an unloaded state. The power
spring 122 torque must be isolated from the escapement regulating mechanism 500 until the
start of delivery. This action may be initiated by a user imparting a force on an activation
mechanism and, directly or indirectly through a power and control system 400, applying a drive
torque to start the initial impulse action. Once the escapement regulating mechanism 500 is
initiated, it can be effectively utilized to meter, restrain, or otherwise prevent free rotational
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movement of the gear train 510, gear transmission 550, drive gear 520 and drive pinion 120,
and, thus, axial translation of the drive rack 110A and plunger seal 60. In a particular example,
the escape wheel 562 is a compound gear having escape teeth around the circumference of a
large diameter escape gear 562A and a small diameter gear 562B (not visible). The small
diameter gear 562B of the escape wheel 562 engages the drive train 510, which engages with
gear transmission 550 through rotation shaft 518. This configuration directly permits the
escape wheel 562 to regulate the rotation of the drive train 510 imparted by the power spring
122, which then efficiently regulates the drive transmission 550, drive gear 520, drive pinion
120, and drive rack 110A of the piston 110.

[0053] The embodiments of the present invention may be utilized to meter, restrain, or
otherwise prevent free rotational movement and, thus, axial translation of the components of
the controlled delivery drive mechanism 100. Accordingly, the escapement regulating
mechanism 500 only controls the motion of the drive mechanism, but does not apply the force
for the drug delivery. One or more additional biasing members, such as compression springs,
may be utilized to drive or assist the driving of the piston 110 (as shown in FIG. 8). For
example, a compression spring may be utilized within the drive housing 130 for this purpose,
with the power spring 122 partly driving the piston 110 and plunger seal 60 and partly driving
the escapement regulating element 500 to perform the metering as described above.
Accordingly, the means to control flow is separate from the load on the piston 110 and the
plunger seal 60. While the power spring 122 applies the force that is utilized to drive the piston
110 and plunger seal 60 for drug delivery, the escapement regulating mechanism 500 only
controls, meters, or regulates such action. A mechanical timing system, such as the
escapement regulating mechanism described herein, may be utilized to allow the piston 110
and plunger seal 60 to translate axially a controlled distance, or a controlled volume, and may
be utilized to meet a desired delivery rate or profile. The timing system can be controlled by
quartz timing instead of mechanical timing, as would be appreciated by one having ordinary
skill in the art. For quartz timing, a battery provides power to a microchip and circuit. The
quartz crystal oscillates at a precise frequency. Alternate electrical timing mechanisms such as,
for example, RC timing mechanisms, may also be used, including clock functions commonly
found in microprocessors. Depending on the period that the delivery is planned to occur over,
the microchip drives a motor based on a number of quartz crystal oscillations or other timing
signals. The motor releases motion of a drive train, drive transmission, and/or drive rack, to
control the axial translation of a plunger in a similar manner as described herein for the
mechanical timing system.

[0054] The drive mechanism 100 having an escapement regulating mechanism 500 functions
to control the rate of drug delivery forced by the axial translation of a piston 110 and a plunger
seal 60 within a barrel 58 of a drug container 50. This is shown in the transition from FIGS. 5A-
5C and FIGS. 6A-6C. As described above, the power spring 122 imparts a force to the drive
mechanism which is regulated, metered, or otherwise controlled by the escapement regulating
mechanism 500 to control the rate of axial translation of the piston 110 and plunger seal 60 for
drug delivery. Upon initiation by

the user, the power spring 122 is permitted to apply a force or torque to the system which is
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regulated by the escapement regulating mechanism 500. This causes the drive mechanism
shown in FIG. 5A and FIG. 6A to activate and permit metered axial translation of the piston 110
and plunger seal 60 in the distal direction within a barrel 58 (i.e., in the direction of the hatched
arrow). This metered activity continues through drug delivery at a controlled rate or drug
delivery profile, as shown in FIG. 5B and FIG. 6B, until substantially all of the drug fluid has
been dispensed from drug chamber 21 through the sterile pathway connection 300, as shown
in FIG. 5C and FIG. 6C.

[0055] The components of the drive mechanism 100, upon activation, may be used to drive
axial translation in the distal direction of the plunger seal 60 of the drug container 50.
Optionally, the drive mechanism 100 may include one or more compliance features which
enable additional axial translation of the plunger seal 60 to, for example, ensure that
substantially the entire drug dose has been delivered to the user. For example, the plunger
seal 60, itself, may have some compressibility permitting a compliance push of drug fluid from
the drug container. For example, when a pop-out plunger seal is employed, i.e., a plunger seal
that is deformable from an initial state, the plunger seal may be caused to deform or "pop-out”
to provide a compliance push of drug fluid from the drug container. Similarly, an optional cover
sleeve may be utilized to hide the visibility of the drive rack 110A and other internal
components from the user as the piston 110 is axially translated within the barrel 58.

[0056] The variable rate drive mechanisms of the present invention may optionally integrate
status indication into the drug dose delivery. By use of one or more status triggers and a
corresponding status reader, the status of the drive mechanism before, during, and after
operation can be relayed to the power and control system to provide feedback to the user.
Such feedback may be tactile, visual, and/or auditory, as described above, and may be
redundant such that more than one signal or type of feedback is provided to the user during
use of the device. For example, the user may be provided with an initial feedback to identify
that the system is operational and ready for drug delivery. Upon activation, the system may
then provide one or more drug delivery status indications to the user. At completion of drug
delivery, the drive mechanism and drug pump may provide an end-of-dose indication. As the
end-of-dose indication is tied to the piston reaching the end of its axial translation, the drive
mechanism and drug pump

provide a true end-of-dose indication to the user. Additionally or alternatively, an
electromechanical status switch and interconnect assembly may be utilized to contact, connect,
or otherwise enable a transmission to the power and control system to signal end-of-dose to
the user. For example, the status switch may be located distal to the pierceable seal 56 and
the interconnect located proximal to the plunger seal 60 such that, upon substantially complete
axial translation (and the optional compliance push) of the plunger seal 60 within the barrel 58,
the status switch and interconnect coordinate to enable a transmission to the power and
control system to signal end-of-dose to the user. This configuration further enables a true end-
of-dose indication to the user.

[0057] In at least one arrangement, as shown in FIG. 7, incremental status indication may be
provided to the user by reading or recognizing the rotational movement of drive gear 520. As
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the drive gear 520 rotates, a status reader 600 may read or recognize one or more
corresponding status triggers on the drive gear 520 to provide an incremental status indication
before, during, and after operation of the variable rate controlled delivery drive mechanism. A
number of status readers may be utilized. For example, the drive mechanism shown in FIG. 7
may utilize a mechanical status reader 600 which is physically contacted by gear teeth of the
drive gear 520. As the status reader 600 is contacted by the status trigger(s), which in this
example may be the gear teeth of the drive gear 520 (or holes, pins, ridges, markings,
electrical contacts, or the like, upon the drive gear 520), the status reader 600 measures the
rotational position of the drive gear 520 and transmits a signal to the power and control system
for status indication to the user. Additionally or alternatively, the drive mechanism shown in
FIG. 7 may utilize an optical status reader 600. The optical status reader 600 may be, for
example, a light beam that is capable of recognizing a motion and transmitting a signal to the
power and control system. For example, the drive mechanism may utilize an optical status
reader 600 that is configured to recognize motion of the gear teeth of the drive gear 520 (or
holes, pins, ridges, markings, electrical contacts, or the like, upon the drive gear 520). Similarly,
the status reader 600 may be an electrical switch configured to recognize electrical contacts on
drive gear 520. In any of these examples, sensor 602 may be utilized to then relay a signal to
the power and control system 400 to provide feedback to the user.

[0058] As would be appreciated by one having ordinary skill in the art, optical status readers
and corresponding triggers, electromechanical status readers and corresponding triggers,
and/or mechanical status readers and corresponding triggers may all be utilized by the
embodiments of the present invention to provide incremental status indication to the user.
While the drive mechanisms are described with reference to the gear transmission, gear train,
and escapement regulating mechanism shown in FIG. 7, a range of configurations may be
utilized for these components with the appropriate gear reduction based on the load and power
spring chosen, as would readily be appreciated by an ordinarily skilled artisan. Accordingly, the
embodiments of the present invention are not limited to the specific gear transmission, gear
train, and escapement regulating mechanism described herein, which is provided as an
exemplary embodiment of such mechanisms for employment within the controlled delivery
drive mechanisms and drug delivery pumps.

[0059] Returning now to the arrangements shown in FIGS. 5A-5C and FIGS. 6A-6C, a fluid,
such as a drug fluid, may be contained within barrel 58, in a drug chamber 21, between
plunger seal 60 and pierceable seal 56, for delivery to a user. The pierceable seal is adjacent
or retained at least partially within cap 52. Upon activation by the user, a fluid pathway
connection may be connected to the drug container through the pierceable seal. As described
above, this fluid connection may be facilitated by a piercing member of the fluid pathway
connection which pierces the pierceable seal and completes the fluid pathway from the drug
container, through the fluid pathway connection, the fluid conduit, the insertion mechanism,
and the cannula for delivery of the drug fluid to the body of the user. Distal translation of the
piston 110 and plunger seal 60, by the drive mechanisms and regulating mechanisms
described herein, forces fluid flow out from barrel 58 through pierceable seal 56. In at least one
arrangement, an end-of-dose status indication may be provided to the user once the status
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reader recognizes a status trigger positioned on the drive gear to substantially correspond with
the end of axial travel of the piston 110 and plunger seal 60. The described escapement
regulating mechanism 500 and drive mechanisms 100 thus permit, meter, or otherwise restrain
the free axial expansion of the biasing member 122 to control the rate or profile of drug
delivery. Embodiments of the present invention also thus provide incremental status indication
to the user.

[0060] Assembly and/or manufacturing of the variable rate controlled delivery drive mechanism
100, drug delivery pump 10, or any of the individual components may utilize a number of
known materials and methodologies in the art. For example, a number of known cleaning fluids
such as isopropyl alcohol and hexane may be used to clean the components and/or the
devices. A number of known adhesives or glues may similarly be employed in the
manufacturing process. Additionally, known siliconization and/or lubrication fluids and
processes may be employed during the manufacture of the components and devices.
Furthermore, known sterilization processes may be employed at one or more of the
manufacturing or assembly stages to ensure the sterility of the final product.

[0061] The drive mechanism may be assembled in a number of methodologies. In one method
of assembly, the drug container 50 may first be assembled and filled with a fluid for delivery to
the user. The drug container 50 includes a cap 52, a pierceable seal 56, a barrel 58, and a
plunger seal 60. The pierceable seal 56 may be fixedly engaged between the cap 52 and the
barrel 58, at a distal end of the barrel 58. The barrel 58 may be filled with a drug fluid through
the open proximal end prior to insertion of the plunger seal 60 from the proximal end of the
barrel 58. An optional connection mount 54 may be mounted to a distal end of the pierceable
seal 56. The connection mount 54 may guide the insertion of the piercing member of the fluid
pathway connection into the barrel 58 of the drug container 50. The drug container 50 may
then be mounted to a distal end of drive housing 130. The piston 110 having a drive rack 110A
may be mounted into the drive mechanism housing 130 and connected to the drive pinion 120
and gear drive gear 520. The drive pinion 120 is placed in position adjacent the drive
mechanism housing 130 such that it extends at least partly into the drive housing 130 to
engage the drive rack 110A for operation.

[0062] A fluid pathway connection, and specifically a sterile sleeve of the fluid pathway
connection, may be connected to the cap and/or pierceable seal of the drug container. A fluid
conduit may be connected to the other end of the fluid pathway connection which itself is
connected to the insertion mechanism such that the fluid pathway, when opened, connected,
or otherwise enabled travels directly from the drug container, fluid pathway connection, fluid
conduit, insertion mechanism, and through the cannula for drug delivery into the body of a
user. The components which constitute the pathway for fluid flow are now assembled. These
components may be sterilized, by a number of known methods, and then mounted either
fixedly or removably to an assembly platform or housing of the drug pump, as shown in FIG.
1B.

[0063] Certain optional standard components or variations of the drive mechanism 100, or
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drug pump 10, are contemplated while remaining within the scope of the present invention. For
example, upper or lower housings may optionally contain one or

more transparent or translucent windows 18, as shown in FIG. 1A, to enable the user to view
the operation of the drug pump 10 or verify that the drug dose has been completed. Similarly,
the drug pump 10 may contain an adhesive patch 26 and a patch liner 28 on the bottom
surface of the housing 12. The adhesive patch 26 may be utilized to adhere the drug pump 10
to the body of the user for delivery of the drug dose. As would be readily understood by one
having ordinary skill in the art, the adhesive patch 26 may have an adhesive surface for
adhesion of the drug pump to the body of the user. The adhesive surface of the adhesive
patch 26 may initially be covered by a non-adhesive patch liner 28, which is removed from the
adhesive patch 26 prior to placement of the drug pump 10 in contact with the body of the user.
Removal of the patch liner 28 may further remove the sealing membrane 254 of the insertion
mechanism 200, opening the insertion mechanism to the body of the user for drug delivery (as
shown in FIG. 1C).

[0064] Similarly, one or more of the components of the controlled delivery drive mechanism
100 and drug pump 10 may be modified while remaining functionally within the scope of the
present invention. For example, as described above, while the housing of drug the pump 10 is
shown as two separate components upper housing 12A and lower housing 12B, these
components may be a single unified component. As discussed above, a glue, adhesive, or
other known materials or methods may be utilized to affix one or more components of the
variable rate controlled delivery drive mechanism and/or drug pump to each other.
Alternatively, one or more components of the variable rate controlled delivery drive mechanism
and/or drug pump may be a unified component. For example, the upper housing and lower
housing may be separate components affixed together by a glue or adhesive, a screw fit
connection, an interference fit, fusion joining, welding, ultrasonic welding, and the like; or the
upper housing and lower housing may be a single unified component. Such standard
components and functional variations would be appreciated by one having ordinary skill in the
art and are, accordingly, within the scope of the present invention.

[0065] It will be appreciated from the above description that the drive mechanisms and drug
pumps disclosed herein provide an efficient and easily-operated system for automated drug
delivery from a drug container. The embodiments described herein provide drive mechanisms
for the controlled delivery of drug substances and drug delivery pumps which incorporate such
drive mechanisms. The drive mechanisms of the present invention control the rate of drug
delivery by metering, providing resistance, or otherwise preventing free axial translation of the
plunger seal utilized to

force a drug substance out of a drug container and, thus, are capable of delivering drug
substances at desired rates and/or delivery profiles. Additionally, the drive mechanisms of the
present invention provide integrated status indication features which provide feedback to the
user before, during, and after drug delivery. For example, the user may be provided with an
initial feedback to identify that the system is operational and ready for drug delivery. Upon
activation, the system may then provide one or more drug delivery status indications to the
user. At completion of drug delivery, the drive mechanism and drug pump may provide an end-
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of-dose indication. The drive mechanisms of the present invention may be directly or indirectly
activated by the user. Furthermore, the controlled delivery drive mechanism and drug pumps
of the present invention maintain the sterility of the fluid pathway during storage,
transportation, and through operation of the device. Because the path that the drug fluid
travels within the device is entirely maintained in a sterile condition, only these components
need be sterilized during the manufacturing process. Such components include the drug
container of the drive mechanism, the fluid pathway connection, the sterile fluid conduit, and
the insertion mechanism. In at least one embodiment of the present invention, the power and
control system, the assembly platform, the control arm, the activation mechanism, the housing,
and other components of the drug pump do not need to be sterilized. This greatly improves the
manufacturability of the device and reduces associated assembly costs. Accordingly, the
devices of the present invention do not require terminal sterilization upon completion of
assembly.

[0066] Manufacturing of a drug pump includes the step of attaching both the controlled
delivery drive mechanism and drug container, either separately or as a combined component,
to an assembly platform or housing of the drug pump. The method of manufacturing further
includes attachment of the fluid pathway connection, drug container, and insertion mechanism
to the assembly platform or housing. The additional components of the drug pump, as
described above, including the power and control system, the activation mechanism, and the
control arm may be attached, preformed, or pre-assembled to the assembly platform or
housing. An adhesive patch and patch liner may be attached to the housing surface of the drug
pump that contacts the user during operation of the device.

[0067] A method of operating the drug pump includes the steps of: activating, by a user, the
activation mechanism; displacing a control arm to actuate an insertion mechanism; and
actuating a power and control system to activate a controlled delivery drive mechanism to drive
fluid drug flow through the drug pump according to a controlled rate or drug delivery profile.
The method may further include the step of. engaging an optional on-body sensor prior to
activating the activation mechanism. The method similarly may include the step of: establishing
a connection between a fluid pathway connection to a drug container. Furthermore, the
method of operation may include translating a plunger seal within the controlled delivery drive
mechanism by the force applied by a torsional power spring acting upon (directly or indirectly)
a piston within a drug container to force fluid drug flow through the drug container, the fluid
pathway connection, a sterile fluid conduit, and the insertion mechanism for delivery of the fluid
drug to the body of a user, wherein a regulating mechanism acting to restrain the force applied
by the power spring is utilized to meter the free axial translation of the piston. The method of
operation of the insertion mechanism and the drug pump may be better appreciated with
reference to FIGS. 5A-5C and FIGS. 6A-6C, as described above.
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_1_
Patentkrawv
1. Drivmekanisme med kontrolleret administration (1000), som
omfatter:

en lzgemiddelbeholder (50), der har en cylinder (58) og en
stempelforsegling (60);

et drivhus (130), hvori der mindst indledningsvis delvist er
placeret en linear kraftfjeder (1122) og et stempel (110), der
har en gransefladeoverflade (110C) og en drivtandrakke (11024),
hvor den linazre kraftfjeder (1122) er koblet direkte eller
indirekte til stemplet (110) til omdannelse af aksial kraft
fra den linere kraftfjeder (1122) til torsionsbevagelse af et
spidshjul (120), som interagerer med drivtandrazkken (110A) pa
stemplet (110); og

en reguleringsmekanisme (500),

hvor stemplet (110) er konfigureret til at komme i1 kontakt med
og translatere stempelforseglingen (60) aksialt i cylinderen
(58), og

reguleringsmekanismen (500) er konfigureret til at male
rotationsbevagelsen af spidshjulet (120), saledes at stemplet
(110) translateres aksialt ved hjalp af den linare kraftfjeder
(1122) wved en kontrolleret hastighed.

2. Drivmekanisme (1000) ifglge krav 1, hvor
laegemiddelbeholderen (50) indeholder en lazgemiddelfluid i et
leegemiddelkammer (21) til lzgemiddeladministration wved en
kontrolleret hastighed.

3. Drivmekanisme (1000) ifelge krav 1 eller krav 2, hvor
reguleringsmekanismen (500) er en hemverksreguleringsmekanisme
(500), der har et tandhjulsvaerk (510) med et eller flere
tandhjul (512, 514, 516), en rotationsaksel (518) og en
tandhjulstransmission (550) med et eller flere tandhjul (520,
522, 524), hvor mindst ét tandhjul (520) af
tandhjulstransmissionen (550) er 1 stand til at ga i indgreb
med spidshijulet (120), og haemverksreguleringsmekanismen (500)

er konfigureret til at virke pad den linare kraftfjeder (1122).
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4, Drivmekanisme (1000) ifglge krav 3, hvor
heznvarksreguleringsmekanismen (500) yderligere omfatter en
lgftearm (564) og et ganghjul (562), der er konfigureret til
at ga i indgreb med og male rotationsbevagelsen af
tandhjulsvaerket (510).

5. Drivmekanisme (1000) ifolge krav 4, hvor lgoftearmen (564)
har tappe (564A, B) og en gaffel (564C), hvor gaflen (564C)
gar 1 bevageligt indgreb med en stav (566A) og er konfigureret
til at ga i1 aftageligt indgreb med en impulstap (566B) pa en
balancekrans (566), og hvor balancekransen (566) gar 1 indgreb
og er 1 stand til at oscillere omkring staven (566A) 1

kombination med en fin spiralfjeder (568).

o. Drivmekanisme (1000) 1ifelge krav 4 eller krav 5, hvor
ganghjulet (562) er et sammensat tandhjul med gangtender
omkring omkredsen af et gangtandhjul (562A) med stor diameter
og et tandhjul (562B) med lille diameter, der er konfigureret
til at ga i indgreb med og male tandhjulsveaerket (510).

7. Drivmekanisme (1000) ifglge et hvilket som helst af
ovennavnte krav, hvor malingen af rotationsbevagelsen af
spidshijulet (120) og/eller tandhjulsvarket (510) ved hijalp af
reguleringsmekanismen (500) kontrollerer hastigheden eller

profilen af legemiddeladministration.

8. Drivmekanisme (1000) ifglge et hvilket som helst af
ovennavnte krav, hvor en statuslaser (600) er konfigureret til
at laese eller genkende en eller flere tilsvarende
statusudlgsere, hvor interaktion mellem statuslaseren (600) og
statusudlegserne under drift af drivmekanismen (1000) overforer
et signal, der indikerer status for drivmekanismen, til et
energi- og styresystem (400) til tilvejebringelse af et
feleligt, synligt og/eller herligt feedback til en bruger.

9. Drivmekanisme (1000) ifelge krav 8, hvor statuslaseren
(600) er en optisk statuslaser og de tilsvarende

statusudlegsere er tandhjulstaender péd et drivtandhijul (520).
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10. Drivmekanisme (1000) ifglge krav 8, hvor statuslaseren
(600) er en mekanisk statuslaser og de tilsvarende

statusudlegsere er tandhjulstaender péd et drivtandhijul (520).

11. Drivmekanisme (1000) ifglge krav 8, hvor statuslaseren
(600) er en mekanisk statuslaser og de tilsvarende
statusudlosere er eksterne trak pa stemplet (110) og/eller
drivtandrakken (110A).

12. Drivmekanisme (1000) ifglge krav 8, hvor statuslaseren
(600) er en optisk statuslaser og de tilsvarende
statusudlosere er eksterne trak pa stemplet (110) og/eller
drivtandrakken (110A).

13. Lzgemiddeladministrationspumpe (10) med en drivmekanisme
med kontrolleret administration (1000), som omfatter et hus
(12) og en monteringsplatform (20), hvorpad er monteret en
aktiveringsmekanisme (14), en indfgringsmekanisme (200), en
fluidpassageforbindelse (300), et energi- og styresystem (400)
og en drivmekanisme (1000) ifwlge et hvilket som helst af

ovennavnte krav.
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