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AUTOINIECTOR WITH A LINEAR ACTUATOR HAVIRNG A
HOLLOW DRIVE SHAFT

PRIORITY CLAIM

[6001] This application claims priority to U.S. Provisional Application Nos. 62/648,762
filed March 27, 2018, 62/648,766 filed March 27, 2018, 62/648,770 filed March 27, 2018 and
62/648,772 filed March 27, 2018, their entire contents are incorporated herein by reference and

relied upon.

TECHNICAL FIELD

[B002] The present disclosure relates to drog delivery with an injector device. In particular,
several embodiments are directed to motor-driven delivery of medicaments with an electronic

autoinjector device with a linear actuator.

BACKGROUND

{6603} Patients suffering from many chronic conditions must frequently inject themselves
with medicament. A variety of drug delivery devices known as auntoinjectors have been
developed to enable a person to conveniently and reliably self-inject medicament. These devices
wilize a higuid medicament for injecting into the person. Forward movement of a plunger results

n the medicament being dispensed from an outlet opposite of the plunger.

[B004] Electronic autoinjectors have several advantages over purely mechamcal
autoinjectors, ncluding clear user feedback, multiple delivery speeds and constant delivery
force. However, for economic reasons, electronic autoinjectors are typically reusable, requiring
the user to perform extra loading steps of a disposable syringe or dose cassette. Many electronic
autoinjectors also use the rootor drive mecharism to nsert the needle into the user’s fissue,

resulting in a slower insertion process that can result in the perception of more pain.

SUMMARY

[B005] It is an object of the present disclosure 1o provide an electronic autoinjector device
that reduces the number of manual steps, including rapid needle insertion for lower pain

perception.
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[6606] A device includes a motor having a hollow drive shaft. The motor is configured to
rotate the hollow drive shaft. A lead screw nut is operably connected to the hollow drive shaft.
The lead screw nut is configured to rotate upon rotation of the hollow drive shafi. A lead screw
is operably connected to the lead screw nut. The lead screw is configured to move within the
lead screw nut and the lead screw is configured to pass through at least part of the hollow drive

shatt.

G007} A method includes rotating, by a motor, a hollow drive shaft. The method further
includes rotating, in response to rotation of the hollow drive shaft, a lead screw mut operably
connected o the hollow drive shaft. The method further includes moving, 1o response to rotation
of the lead screw nut, a lead screw operably connected to the lead screw nut. The lead screw 1s

configured to pass through at least part of the hollow drive shaft.

(008 An autoinjector device includes a coniroller, a plunger drive unit, a motor
conirolled by the controlier, and a hollow drive shaft. The motor is configured to rotate the
hollow drive shaft. The autoinjector device further includes a gear box operably connected to
the hollow drive shaft and a lead screw nut operably connected to the gear box. The lead screw
nut is configured to rotate in response to a rotational force from the hollow drive shaft exerted
on the lead screw nut via the gear box. The autoinjector device further includes a lead screw
operably connected to the lead screw nut. The lead screw is configured to move within the lead
screw mut and is configured to pass through af least part of the hollow drive shaft. Movement of
the lead screw in response to rotation of the lead screw nut is configured to cause a plunger head
driver at a distal end of the lead screw to engage the plunger drive umit upon {o dispense a

medicament.

{009} An automjector device includes a dose cassette. The dose cassette includes an cuter
container and a needle cap having a base with a diameter larger than the outer container. The
autoinjector device further includes a housing configured to receive the dose cassette and a clasp
mechanism configured to secure the dose cassetie within the housing. The autoinjector device
further includes an actuator configured to move the dose cassette proximally within the housing
after the dose cassette is secured within the housing. The movement of the dose cassetie causes
the base of the needle cap to mechanically engage with a distal end of the housing The
mechanical engagement between the base of the needle cap and the distal end of the housing

causes the needle cap to separate from the dose cassette.
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[6610] A method includes receiving a dose cassette into a housing. The dose cassetie
mcludes an outer container and a needle cap having a base with a diameter larger than the outer
container. The method further includes securing the dose cassette within the housing using a
clasp mechanism. The method further includes moving the dose cassette proximally within the
housing after the dose cassetie is secured within the housing. The method further includes
separating the needle cap from the dose cassetie because of mechanical engagement between a

distal end of the housing and the needle cap.

[6611] A dose cassette device includes an outer container and & needle cap having a base
with a diameter larger than the ouler container of the dose cassette. The ouler container is
contigured 1o be inserted mto a housing of an autoinjector. The base of the needle cap 1is
configured to mechanically engage with a distal end of the housing. The needle cap is configured
to separate from the outer container because of the mechanical engagernent between the distal

end of the housing and the base of the needle cap.

(6012} An autoinjector housing device includes a housing configured to receive a dose
cassette having an outer container and a needle cap. The needle cap includes a base with a
diameter larger than the outer container of the dose cassette. The autoinjector housing device
further mcludes a clasp mecharusro configured to secure the dose cassette within the housing.
The autoinjector housing device further includes an actuator configured to move the dose
cassette proximally within the housing afier the dose cassette is secured within the housing. The
movement of the dose cassetie causes the base of the needle cap to mechanically engage with a
distal end of the housing. The mechanical engagement between the base of the needle cap and

the distal end of the housing causes the needle cap to separate from the dose cassetie.

[6613] An autoinjector housing device includes a housing configured to receive a dose
cassette and a base latch configured 1o secure the dose cassette within the housing. The
autoinjector housing device {further includes a hack plate operably connected to a spring. The
back plate is configured to move proximally within the housing upon receipt of the dose cassette
into the housing. The proximal movement of the back plate compresses the spring. The
autonjector housing device further includes an actuator operably connected to the base latch.
The actuator is configured to move the base latch and the dose casseite proximally within the
housing after the dose casseite is secured in the housing. The base latch 1s configured to move
radially outwards upon said proximal movement of the base latch within the housing. The radial

movement of the bage latch is configured to cause the dose cassetie {o become unsecured within
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the housing. In response to the dose cassette becoming unsecured, the spring is configured o
decompress. The decompression of the spring ts configured to move the back plate distally and

push the dose cassette out of a distal end of the housing.

[3014] A method includes receiving a dose cassetie at a housing of an awtoinjector device.
The method further includes securing the dose cassette within the housing using a base latch.
The method further includes moving a black plate operably connected to a spring. The back
plate moves proximally within the housing upon receipt of the dose cassette into the housing,
The method further includes compressing the spring as a result of the proximal movement of the
back plate within the housing. The method further includes moving, by an actuator operably
connected to the base latch, the dose cassette and the base latch proximally within the housing
after the dose cassette 15 secured in the housing. The method further includes ejecting the dose
cassette from the housing in response to the proximal movement of the base latch and the dose
cassette. The ejection of the dose cassette includes moving the base latch radially outwards upon
said proximal movement of the base latch within the housing. The movement of the base latch
causes the dose cassette to become unsecured within the housing. The gjection of the dose
cassette further includes decompressing the spring in response to the dose cassetle becoming
unsecured. The ejection of the dose cassette further includes moving the back plate distally
within the housing as a result of the decompression of the spring. The movement of the back

plate pushes the dose cassette out of a distal end of the housing.

[B0315] An autoinjector device includes a needle, a housing, and a primary container
operably connected to the needle. The primary container is configured to move axially within
the housing. The awtoinjector device further includes a ledge fixed with respect to the housing
and a first spring. A first end of the first spring is operably connected to the primary container
and a second end of the first spring is operably connected to the housing. The autoinjector device
further includes a latching mechanism operably connected to the primary container. The
autoinjector device further includes a second spring. A first end of the second spring is operably
connected to the latching mechanism and a second end of the second spring 1s operably
connected to the primary container. The autoinjector device further includes a linear actuator
configured to move axially within the housing. In a first state, the latching mechanism is biased
toward the ledge by the second spring and the primary container and the needle are fixed within
the housing based on mechanical engagerent between the latching mechamism and the ledge.
In a second state, the linear actuator engages and moves the latching mechanism such that the

latching mechanism no longer mechanically engage with the ledge and the primary contaimer
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and the needle, in response to the movement of the laiching mechanism, move distally with

respect to the housing based on an energy stored in the first spring.

[6016] A method mcludes moving a linear actuator axially within a housing to engage the
finear actuator with a latching mechanism operably connected to a primary container. The
primary container is operably connected to a needle and 1s configured to move axially within the
housing. A first spring has a first end operably connected to the primary container and a second
end operably connected to the housing. The latching mechanism is operably connected to the
primary confainer and is biased toward a ledge by a second spring. The ledge is fixed with
reapect to the housing. The second spring has a first end operably connected to the latching
mechanism and a second end operably connected to the primary confainer. The primary
container and the needle are fixed within the housing based on mechanical engagement between
the latching mechanism and the ledge before the linear actualor 1s engaged with the latching
mechamsm. The method further includes moving, n response to engagerent of the linear
actuator with the latching mechanism, the latching mechanism such that the latching mechanism
no longer mechanically engages with the ledge. The method further includes moving, in
response to the movement of the latching mechanism, the primary container and the needle

distally with respect to the housing based on an energy stored in the first spring.

BRIEF DESCRIPTION OF THE DRAWINGS

[3017] Many aspects of the present disclosure can be better understood with reference 1o
the following drawings. The components in the drawings are not necessarily to scale. Instead,
emphasis is placed on illustrating clearly the principles of the present disclosure. Furthermore,
componentts can be shown as transparent in certain views for clarity of iHlustration only and not
to indicate thai the illustrated component is necessanly transparent. For ease of reference,
throughout this disclosure identical reference numbers may be used to identify identical or at

least generally similar or analogous components or features,

[3018] FIG. 1 is a perspective view of a reusable autoinjector base and a dose casseatie in

accordance with the disclosed embodiments.

[B0319] FIG. 215 a perspective view of another reusable avtoinjector base and multiple dose

cassettes in accordance with the disclosed embodiments.

{6020} FIG. 3 1s a sectioned perspective view of a reusable autoinjector base in accordance

with the disclosed embodiments.
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[6621] FIG. 4 15 a perspective view of a linear actuator with a hollow drive shaft and a gear
box in accordance with the disclosed embodiments.

60221 FIG. 5 is a sectioned perspective view of a motor with a hollow drive shaft and a
{ead screw in accordance with the disclosed embodiments.

6623} FIGG. 6 is a sectioned perspective view of a linear actuator and a gear box in
accordance with the disclosed embodiments.

[6024] FIG. 7 15 another sectioned perspective view of a linear actuator and a gear box in
accordance with the disclosed embodiments.

[6025] FIG. 815 a cross-section view of a linear actuator and a gear box in accordance with
the disclosed embodiments.

[6026] FIG. 915 a sectioned perspective view of a reusable autoinjector base in accordance
with the disclosed embodiments.

{30271 FIG. 10 is a cross-section view of a reusable autoinjector base in accordance with

the disclosed embodiments.

[3028] FIG. 11 1s a perspective view of a dose cassette in accordance with the disclosed
embodiments.
16029} FI(z. 12 15 a sectioned perspective view of a dose cassette in accordance with the

disclosed embodiments.

[6630] FIG. 1313 asectioned perspective view of a portion of a dose cassette in accordance

with the disclosed embodiments.

[6631] FIG. 14 15 a cross section view of a dose cassetie in accordance with the disclosed
embodiments,
6632} FIG. 15 is a sectioned perspective view of a reusable autoinjector base and a dose

cassette just prior to the dose cassette being inserted inio the reusable autoinjector base in
accordance with the disclosed embodiments.

16033] FIG. 16 15 a sectioned perspective view during an insertion of a dose cassette into
a reusable autoinjector base in accordance with the disclosed embodiments.

[6034] FIG. 17 is a sectioned perspective view of a dose cassette locked inio a reusable

autoinjector base in accordance with the disclosed embodiments.
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[6035] FIG. 18 is a cross section view of a dose cassetie focked into a reusable autoinjecior

base in accordance with the disclosed embodiments.

[6036] FIG. 19 15 a sectioned perspective view of a dose cassette within a housing of a

reusable autoinjector base in accordance with the disclosed embodiments.

66371 FIG. 20 is a sectioned perspeciive view of aneedle cap of a dose cassetie beginning

to be removed i accordance with the disclosed embodimenits.

[B038] FIG. 21 1s asectioned perspective view of aneedle cap of a dose cassetie contacting

a sensor of a reusable autoinjector base in accordance with the disclosed embodiments.

[68639] FIG. 22 is a sectioned perspeciive view of a needle cap of a dose cassetie baing

removed 1 accordance with the disclosed embodiments.

60401 FIG. 23 is a cross section view of a needle cap of a dose cassette being removed in

accordance with the disclosed embodiments.

[3041] FIG. 24 is a sectioned perspective view of a dose cassette locked in place in advance

of a needle protruding from the dose cassette in accordance with the disclosed embodiments.

[3042] FIG. 25 15 a sectioned perspective view of a needle protruding from a dose cassette

n accordance with the disclosed embodiments.

16043} FI(z. 26 is a cross section view of a needle protruding from a dose cassette in

accordance with the disclosed embodiments.

[6644] FIG. 27 15 a sectioned perspective view of a dose cassette being unlocked from a

reusable autoigector base in accordance with the disclosed embodiments.

[6045] FIG. 28 i3 a cross section view of a dose cassette being unlocked from a reusable

autoinjector base in accordance with the disclosed embodiments.

[3046] FiIG. 29 is a sectioned perspective view of a dose cassetie being ejected from a

reusable autoinjector base in accordance with the disclosed embodiments.

(60471 FIG. 30 1s a sectioned perspective view of an gjected dose cassette in accordance

with the disclosed embodiments.

[6048] FIG. 31 15 a flow diagram illusirating a method for utilizing a Hinear actuator with

a hollow dnive chaft in accordance with the disclosed emnbodiments.
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[6049] FIG. 32 15 a flow diagram illustrating a method for removing a needle cap from a

dose cassetie in accordance with the disclosed embodiments.

(60591 FIG. 33 15 a flow diagram llustrating a roethod for ejecting a dose cassette from a

reusable autoinjector base in accordance with the disclosed embodiments.

6051} FIG. 34 is a flow diagram illustrating a method for unlocking a dose cassetie from

a reusable autoinjector base in accordance with the disclosed embodiments.

{6052} FIG. 35 15 a flow diagramn dlustrating a method for needle insertion from a dose

cassette in accordance with the disclosed embodiments.

{6853} FIG. 36 1s a block diagram illustrating an autoinjector and server computing devices

in accordance with the disclosed embodiments,

DETAILED DESCRIPTION

[6054] The present technology is directed to apparatuses, systems, methods, and computer
readable media for a medical autoinjector. In some embodiments, the autoinjector includes a
reusable autoinjector base and disposable dose cassettes, which may be disposed of after one or
more uses. The dose cassettes can be nserted into the autoinjector, which in furn automatically
dispenses a medicament and records that the roedicarent was dispensed. In some erabodiments,
the autoinjector may be reusable. In some embodiments, instead of having a separate disposable
dose cassette, the entive auloinjecior may be disposable after one or more uses. In some
embodiments, the autoinjector may be used repeatedly during for a predetermined arnount of

fime.

[3055] Advantageously the embodiments described herein include a single-motor driven
mechanism that automates processes for removing a needle cap, rapidly inserting a needle to

patients, delivering drug/medicament, retracting the needle, and/or ejecting a dose cassette.

[B056] As described herein, an autoinjector includes a hinear actuator having an electric
motor. The electric motor has a hollow drive shaft, which allows a lead screw 1o pass through
the center of the motor. Thus, the hollow drive shaft enables the antoinjector to have a smaller
overall footprint compared to implementations where a motor 1s adjacent to a lead screw and the
fead screw is connected to the motor via an output shaft and a gearbox. For handheld medical
devices such as autoinjeciors, a small footprint is desirable, especially so that such devices can
have compact, cvlindnical footprints. Tn some embodiments, additional stages may be added

concentrically to a gearbox that has a hollow center. The hollow center of the gearbox may be
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aligned with the hollow drive shaft of the motor. Thus, such a configuration of the gearbox can
significantly increase the forgue output withowt significantly adversely affecting the overall

footprint of the autoinjector.

[3057] Also described hersin are embodiments for automated needle cap removal of an
autoinjector. Automated needle cap removal has several benefits. First, automating removal of
a needle cap ensures that the needle cap is properly removed to lower the chance of: a device
malfunction, patient injury, and improperly delivered medicament. Such features may be
especially beneficial for users with physical or mental challenges that make handling an injection
device and/or following multiple steps for using an injection device difficult. The automated
needle cap removal described herein may ensure {e.g., using sensors) that a needle cap was

properly removed before proceeding with an injection process.

6058 Also described herein are embodiments for automated rapid needle insertion of an
mjection device. In various embodiments, the msertion of a needle inlo a user’s skin is
automated and not in direct response o a bution press or other action performed by the user. In
other words, in various embodiments, an injection device first determines whether conditions
are proper for an injection {e.g., dose cassette properly inserted, device properly placed on skin,
needle cap properly removed, etc.) and then automatically mutiates the injection (1.e., insertion
of a needle) after determining that the conditions are proper without a particular button press or
other action performed by the user. This can help abstract the injection process away from the
user, reducing anxiety that may be associaled with needles and mjections for some users. The
various embodiments of automated needle insertion described herein also provide for
mechanisms that ensure a needle s inserted to the correct depth so that medicament is properly
delivered. With a manual insertion, needle insertion depth may not always be ideal. The needle
msertion described herein also occurs rapidly (e.g., through a spring-driven mnsertion) compared
1o a manual insertion process, reducing the amount of time the tissue is being disrupted by a
needle and thereby improving the overall comfort for the user during the injection process. The
rapid needle insertion embodiments disclosed herein may be used with any type of autoinjection
device, whether the device uses disposable dose cassettes or not.

16059} Various embodiments disclosed herein also provide for antomated dose cassetie
gjection for autoinjectors that utilize a reusable autoinjector base and disposable dose cassettes.
Automatically removing a used dose cassetie afler completion of an injection reduces the amount

fime a user needs to handle the dose cassette that has a needle and ensures that dose cassetie is
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removed properly, thereby reducing the possibility of injury to the user and/or damage to a
reusable auloinjector base. This advantageously simplifies the steps that a user needs to perform,
which may be particularly beneficial for any user with physical or mental challenges that affect

usage of an injection device.

3060} Specific details of several embodiments of the technology are described below with
reference to FIGS. 1-36. Although many of the embodiments are described below with respect
to devices, systems, methods, and computer readable media for improved auwtoinjectors, other
applications and other embodiments in addition {o those described herein are within the scope
of the technology. Additionally, several other embodiments of the technology can have different
configurations, components, or procedures than those described herein. A person of ordinary
skill in the art. therefore, will accordingly understand that the technology can have other
embodiments with additional elements, or the technology can have other embodiments without

several of the features shown and described below with reference to FIGS. 1-36.

Overview

6061} FIG. 1 s a perspective view of a reusable autoinjecior base 1000 and a dose cassetite
100 in accordance with the disclosed embodiments. Dose cassettes may also be referred to herein
as a pod. The reusable autoinjector base 1000 includes interfaces 500. Interfaces 500 may
mclude, for example, LEDs (light emitting diodes), butions, screens, and/or other types of user
interfaces for communicaiing a state of the auioinjector, dose cassetie, medicament, or other
aspect 1o the user or to receive mputs from the user. The dose cassette 100 1s sized to fit within
an opening (not shown} m the reusable autoimjector base 1000, but exists on a distal end (the left
end in FIG. 1) of a housing of the reusable autoinjector base 1000. OUnce the dose cassette 100
is inserted in the reusable autoinjector base 1000, a medicament stored in the dose cassette 100

can be delivered as described below,

[B062] FIGS. 2 and 3 are discussed together below, as they each show different views of a
reusable auloinjector base 1000 and/or dose cassettes 100. FIG. 2 is a perspective view of a
reusable auloinjecior base 1000 and multiple dose casseties 100 in accordance with the disclosed
embodiments. FIG. 3 is a sectioned perspective view of the reusable autoinjector base 1000 in

accordance with the disclosed embodiments.

[30663] As shown in FIGS. 2-3, the reusable autoinjector base 1000 includes, among other
things, an LED mnterface 500, an activation button 550, a linear drive mechanism including a

linear actuator 600, embedded systems 701, a clasp mechanism 805, Once a dose cassetie is
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successtully inserted into the reusable awtoinjector base 1000, the activation bution 550 may be
pressed to miliate needle cap removal, injection, needle withdrawal, and/or dose cassette

gjection.

[3064] The LED mterface 500 may indicate various information such as whether an
mjection was successful and/or whether the dose cassette was successtully inserted in the
reusable autoinjector base 100, As further described below, the dose cassettes 100 1s sized to it
mto the reusable autoinjector base 1000, such that medicament stored in the dose cassattes 100

can be dispensed into a user.

[6065] The linear drive mechanism may arranged 1o drive a plunger (e.g.. of a syringe),
thereby causing dispensation of the medicament n the secondary container (e.g., the dose
cassette 100}, The linear drive mechanism may be further arranged to actuate the needle insertion
and retraction mechanism within the dose cassettes 100 and to actuate a dose cassette 100

release/ejection mechanism,

[B066] The clasp mechamism 805, as will be described in greater detail below,
locks/secures the dose cassette 100 within the reusable autoinjector base 1000 and releases the
dose cassette 100 after the injection 1s complete and the needle is retracted back into the dose

casselie.

60671 The embedded systerns 701 may include a printed circutt board (PCB) having
various integrated circuits and passive components, a radio frequency transmitter 1o transmit
data, and/or a battery. The embedded svstems 701 may be configured o receive signals from,
for example, a radio frequency tdentification (RFID) reader. The embedded systems 701 may

also be configured to send control signals to the linear drive mechanism.

Linear Actuators

[3068] FIGS. 4-8 are discussed together below, as they each show different views of a
linear actuator as descnibed herein. FIG. 4 is a perspective view of a hinear actuator 600 including
a motor 630 having hollow drive shaft and a gear box 700 in accordance with the disclosed
embodiments the disclosed embodiments. FIG. 5 is a sectioned perspective view of a motor 630
having a hollow drive shaft and alead screw 620 in accordance with the disclosed embodiments.
FI1G. 615 a sectioned perspective view of a linear actuator 600 and a gear box 700 in accordance
with the disclosed embodiments. FIG. 7 is another sectionad perspective view of a linear actuator

600 and a gear box 700 the disclosed embodiments in accordance with the disclosed
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embodiments. FIG. 8 18 a cross-section view of a linear actuator 600 and a gear box 700

accordance with the disclosed embodiments.

[6069] As discussed above, the linear actuator 600 mayv be utilized in an autoinjector {e.g..
in the reusable autoinjector base 1000 described herein). As shown in FIGS. 4-8, the linear
actuator 600 includes the motor 630, the gearbox 700, the lead screw 620, and a plunger head
driver 610. The motor 630 1s of a brushed DC motor design that has a hollow drive shaft to allow
the lead screw 620 to move through the middle of the motor 630, Although a brushed DC motor
is shown in FIGS. 4-8, other tvpes of motors may also be utilized. The lead serew 620 can move
proximally and distally with respect (o a plane of lead screw 620 rotation via a lead screw nut
670. The lead screw nut 670 is attached to the gearbox 700, which n turn 1s attached to the
hollow drive shaft of the motor 630, Accordingly, as the hollow drive shatt 1s tured (e.g., when
motor 630 is powered), the lead screw nut 670 15 also tumed/rotated via gears in gearbox 700,
Depending on the direction of rotation of the hollow drive shaft, the lead screw 620 can may
move proximally or distally through the hollow center of the motor 630, Thus, the plunger head
driver 610, which is fixed to the lead screw 620, moves with the lead screw 620 proximally or
distally to engage the varicus aspecis of an autoinjector to implement the various features of the
disclosed autoinjector (e.g., removing a needle cap, rapidly inserting a needle to patients,
delivering drug/medicament, retraciing the needle, and/or ejecting a dose cassette}). In addition,
the gearbox 700 may also have a hollow center that is aligned with the hollow cenier of the motor
630 such that that the lead screw 620 can roove proximally or distally through both the center of

the motor 630 and the center of the gearbox 700.

[6070] As utilized herein, when two aspects of the disclosure are operably connected, the
two aspects may or may not be directly connected unless otherwise specified. For example, the
lead screw nut 670 and the hollow drive shaft may or may not be directly cormected. In the
examples of FIGS 4-8, the lead screw mit 670 and the hollow drive shaft are operably connected
through the gearbox 700 because rotation of the hollow drive shaft by the motor 630 also causes
the lead screw nut 670 to rotate via the gearbox 700, As discussed, this rotation engages the lead
screw 620 such that the lead screw 620 moves proximally or distally within an autoijector and
within the hollow centers of the gearbox 700 and/or the hollow drive shaft of the motor 630.
Accordingly, two aspects of the various embodiments described herein as operably connected
may be directly connected or may be connected by an intermediate aspect of the embodiments

discussed herein.
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[6671] In one instance, the lead screw nut 670 rotates in a direction that causes the lead
screw 620, and thus the plunger head driver 610, to move 1 a proximal direction toward the
gearbox 700 and the motor 630. It is desirable to cause the plunger head driver 610 not to move
into the lead screw nut 670 however. Accordingly, the lead screw 620 can have flat surfaces at
a distal end of the lead screw 620, just before the plunger head driver 610 at the distal-most end
of the lead screw 620. In addition, the distal-most end of the gearbox 700 has at least two flat
surfaces that can contact the at least two flat surfaces of the lead screw 620. Thus, if the lead
screw 620 moves far enough in a proximal direction, the flat surfaces of the gearbox 700 contact
the flat surfaces of the lead screw 620 preventing further rotational motion of the lead screw 620
{at least in a direction that would cause the lead screw 620 to move further in the proximal
direction). This keeps the plunger head driver 610 from entering inside the lead screw nut 670,
and also ensures that the lead screw nut 670 stavs engaged with the lead screw 620, In various
embodiments, sirailar surfaces mayv also be implemented at a proxiroal end of the lead screw 620
and motor 630 to prevent the lead screw from moving past the proximal end of the motor 630.
In other embodiments, such simular surfaces may be implemented somewhere bebween the
proxamal end of the motor 630 and the distal-most end 675 of the gearbox 700, to prevent an end
of the lead screw 620 from reaching the lead screw nut 670 and potentially causing the lead
screw and the lead screw nut 670 from coming disengaged. Other methods for preventing the
lead screw 620 from moving further than desived may also be utilized. For example, a position
of the lead screw 620 and/or the plunger head driver 610 may be tracked. This information can
be utilized to ensure that signals sent to the motor never cause the lead screw 620 to move farther

than desired in one or more direction.

66721 In some embodiments, the lead screw 620 may further include surfaces that engage
with surfaces of a gearbox 700 or surfaces of other components to prevent the lead screw 620
from rotating. By preventing rotation of lead screw 620, but still allowing it to move axially, the
rotational torque of the lead screw nut 670 and/or one or more gears of gearbox 700 1s translated
into hinear force exerted by the lead screw 620. In these embodiment, the surfaces of lead screw
620 and/or surfaces of a gearbox 700 or surfaces of other components may be in any shape. In
some embodiments, the lead screw 620 and gearbox 700/other components may each include
one surface for preventing the lead screw 620 from moving in a {irst direction. In some
embodiments, the lead screw 620 and gear box 700/other components may each include another
surface for preventing the lead screw 620 from moving in a second direction opposite {o the first

direction.
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{6873} Referring now to FIG. 5, the motor 63¢ includes a rotor 650 and cotl windings. The
coils get energized through the motor base via a commutator ring 660 through commutaior
brushes 640, and held in place by the back plate 645, The motor rotor 630 is held in place with
a rotor spacer 655 and motor bearings 665, A stator 680 includes two or more solid-state
magnets. In vartous embodiments, other types of motors than the one shown in FIG. 5 may be

utilized with the autoinjectors discussed hereim.

16074] Referring now to FIGK. 5-7, the gearbox 700 includes a planetary gear set
comprising at least one stage of a sun gear 710, planetary gears 720, a planeiary carrier 730, and
aring gear 740. For muliiple stages, the planetary carrier 730 15 rigidly attached to the next stage
sun gear 710, The forward-most planetary carrier 730 is rigidly attached to the lead screw nut
670. The ring gear 740 may be hobbed into the gearbox housing 705. The lead screw nut 670
exerts force on one or more bearings 750 providing hinear and radial rigiditv.  In various
embodiments, other configurations of gearboxes may be utilized with the various autoinjectors
discussed herein. In some embodiments, no gearbox may utilized, and a drive shaft of the motor
630 may be connected directly to the lead screw nut 670, In some embodiments, the dnve shaft

of the motor 630 may include the fead screw nut 670,

[6675] FIG. 8 shows a cross section of a linear actuator 600 and with regards to FIGS. 4-
7 above. As can be seen in FIG. &, the lead screw 620 passes through a hollow drive shaft of the
motor 630 and a hollow center of the gearbox 700. Advantagecusly, this aliows for a small
cylindrical package that can fit well into an autoinjector, and the hinear actuator can be utilized

to implement several different functions of the autoinjectors as described herein.

Needle Cap Removal

66761 FIG. 915 a sectioned perspective view of a reusable awioinjector base in accordance
with the disclosed embodiments the disclosed embodiments. The reusable autoinjector base
shown in FIG. 9 includes a clasp mecharniso 803, a backplate 810, a sensor 830, and a housing
880. Also shown in FIG. 9 are embedded svstems 701, a linear drive mechanism 600, a lead
screw 620, and a plunger head driver 610. The linear drive mechanism 600 includes a moior
with a hollow drive shaft. For example, the linear drive mechamsm 600 may be the drive
mechanism described above with respect to FIGS. 4-8 above. The pod clasp mechanism 805
includes a latch lock 870, a latch lock center 8735, a laich lock spring 820, and a base laich 850,

the functions of each of which will be disclosed in more detail below.
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160771 in the distal-most position of the clasp mechanism 805, the latch lock spring 820 is
decompressed, rotating the latch lock 870, and locking the pod clasp mechanism to the housing
880. This prevents the clasp mechanism 805 from moving axially within the housing. When
the latch lock 870 is rotated, the clasp mechanism 8035 becomes wnlocked from the housing 880,
allowing for axial movement of the clasp mechanism 805 within the housing 880. This feature

is described in more detail herein, for example with respect to FIGS. 19 and 20 below.

IG078] Upon insertion of a dose cassette into the auwtoinjector base, the base laich 850 is
pushed radially outwards (shown, e g, in greater detail in FIG. 16}, allowing the dose cassette
10 pass the base latch 850, and fix to a ledge of a dose cassette (e.g., ledge 109 shown in FIG.
11). In addition, the backplate 810, which 15 biased distally via a backplate spring 813, 1s pushed
back by the dose cassette being inserted, compressing the backplate spring 815 (e.g., as shown
m FIG. 17). When the dose cassette is in the locked position, an RFID reader 750 can reads data
from a dose cassette RFID tag (e.g., the RFID tag 104 in FIG 12). This data may include
mformation such as information about medicament stored in a dose cassette, a date of
manufacture of the medicament and/or the dose cassette, a unique identifier of the dose cassette
used to track the dose cassetie, a dosage amount in the dose cassetie, and/or any other

mformation.

[3079] Unce the dose cassette is latched and fixed into the autoinjector base, the linear
drive mechanism 600 moves the lead screw 620 and plunger head driver 610 proximally (i.e.,
the plunger head driver 610 1s moved toward the motor 630). The plunger head driver 610
engages with the latch lock center 8735, moving the latch lock center 875 and the plunger head
driver 610 in unison in a proximal direction (i.e., toward the motor 630). The latch lock center
875 15 attached to the latch lock 870, so the motion of the latch lock center 875 rotates the latch
lock 870, disengaging the clasp mechanism 805 from the housing 880, allowing the clasp
mechanism 805 to move proximally within the housing 880, This process is described in further

detaii below with respect to FIGS. 15-20 below.

[B080] Once the latch Tock 870 1s unlocked, the entire clasp mechanism 805 can be moved
proximally within the housing 880, mcluding the base latch 850 that has locked in a dose cassette.
Accordingly, the dose cassette will also move proximally within the housing 8%0 as the plunger
head driver 810, the latch lock center 875, the latch lock 870, and the base laich 850 move
proximally {(i.e., toward the motor 6303 within the housing 880. Accordingly, a rigid needle cap

of the dose cassetie can then mechanically engage with the sensor 430 while the rest of the dose
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cassette moves proximally along with the clasp mechanism 803, removing the needle cap. This
process 1s described in further detail with respect FIGS. 19-23. In some embodiments, the needle
cap may mechanically engage with a portion of the housing 880 instead of, or in addition to the
sensor 830. In some embodiments, the sensor 830 is considered to be a part of the housing 880
or 13 ncorporated imto the housing 880, such that the mechanical engagement that removes the

needle cap is between the needle cap and the housing 880,

6081} After the needle cap of the dose cassette is removed, the lead screw 620 and plunger
head driver 610 return fo the previous position (which is similar to the position shown in FIG.
93. Thus, the latch lock spring 820 rotaies the latch lock 870 back into a locked posttion, locking
the clasp rmechanism 803 1nto a position such that it cannot move axially within the housing 880,
This process is discussed further with respect to FIGS. 21-24. The plunger head driver 610 can
then move distally (i.e., away from the motor 630) to commence needle insertion, drug delivery,
and needle retraction within a dose cassette as described herein including with respect to FIGS.

1114 and 26.

Dose Cassette Removal

[3082] After needle insertion, drug delivery, and needle retraction, the plunger head driver
610 returns back to a position sirmilar to that shown in FIG. 9. A dose cassette can then be gjected
from the autoinjector base. To gject the dose cassette, the lead screw 620 and plimger head driver
610 move proximally (i.e., toward the motor 630 within the housing 480} along with the clasp
mechanism 805 in a similar way as during the needle cap rernoval. However, for dose cassette
ejection, the clasp mechansm 805 moves to a point bevond the previous position at which the
needle cap was removed. This point may be a proximal-most position of the clasp mechanism
805 and plunger head driver 610. The base latch 850 then mechanically engages with the
housing 880 via a ramp on the base latch 850, causing the base latch to move radially outwards
and unlatch a dose cassette. In other words, the base latch 850 is removed from a ledge of a dose
cassette. Once the base latch 850 is not secunng a dose cassetie, the fension in the backplate
spring 815 decompresses, pushing the backplaie 810 and a dose cassette distally, expelling the
dose cassetie from the autoinjector base through an opening at the distal end of the autoinjectior
base through which the dose cassette was originally inserted {e.g., ai an end of the autoinjector
base where the sensor 830 is located). The backplate 810 1s not connected 1o any components
of the clasp mechanism 805 (e.g., the base latch 8350, the base latch lock 870, the latch lock center

875, and the latch lock spring 820). Accordingly, the backpiate 810 can move independently of
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the clasp mechanism 805 1o eject a dose cassette when the back plate spring 815 decompresses.
By pulling the clasp mecharisim 805 back to a proximal-most position as described above while
the bage latch 850 still secures a dose latch, the back plate spring can be compressed to store
energy significant enough to eject the dose cassetie complete from the autoinjecior base once the
base latch 850 no longer secures the dose cassette within the housing 880, This process is
described herein further with respect to FIGS. 27-30. A user can check a dose cassetie (e.g.,
viewing window 107 of FIG. 11) after it has been ejected to ensure the medicament in the dose

cassette was expelled properly and/or in its enfirety.

[6083] The lead screw 620 and plunger head driver 610 can then move distally, back to a
previous position as shown in FIG. 9, locking the pod clasp mechanism 803 to the housing 8§80,
which is a reset position of the autoinjector base. That is, the autoinjector base is now configured
o receive a subsequent dose cassette and repeat the various processes described herein {o inject

a user and dispense a medicament.

[B084] FIG. 101s a cross-section view of the reusable autoinjector base 1000 in accordance
with the disclosed embodiments. In particular, FIG. 10 shows another view of the aspects of an
autoinjector base as described above with respect to FIG. 9. It shows the reusable autoinjecior
hase 1000 without a dose cassette. Tt also includes the linear actuator 600 as described herain
having a hollow drive shaft and gearbox 700 with a hollow center that allows the lead screw 620

to pass through.

[B085] The lead screw 620 includes a plunger head driver 610 that has a diameter wider
than an opening in the latch lock center 875, In this way, when the linear actuator 600 rotates
the lead screw 620 to move the plunger head driver 610 proximally (i.e.. toward the motor 630}
within the housing 880 of the reusable autoinjector base 1000, the plunger head driver 610
mechanically engage with the opening of the latch lock center 875, such that the latch lock center
875 can be pulled in a proximal direction (i.e., toward the motor 630) by the plunger head driver
610. This proximal movement creates a force that overcomes a bias of the latch lock spring 820
to rotate the latch lock 870 as described herein, unlocking the latch lock 870 from the housing
880 and allowing the clasp mechamsm 805 to move axially within the housing. Because the
plunger head driver 610 can continue to mechanically engage with the latch lock center 8735,
which is part of the clasp mechanism B80S, the phunger head driver 610 can move further in a
proximal direction within the housing 880 to implement various functionahities described herein,

including removal of a needle cap and gjecting a dose cassette. When the plunger head driver
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610 1s in a more distal position away from the laich lock center 875 as shown m FIG. 10, the
plunger head driver 610 15 not engaged with the latch lock center 875, Tn this way, the plunger
head driver can move into a dose cassetie to implement needle insertion, dose delivery, and
needle retraction as described herein. Accordingly, the single linear actuator 600 with the lead
screw 620 and the plunger head driver 610 can be advantageously utilized to implement each of
locking of aninserted dose cassette, removal of a needle cap of the dose cassetie, needle msertion
mto the user of a needle in the dose cassette, dosage delivery of a medicament stored in the dose
cassette, retraction of the needie back inio the dose cassette, and gjection of the spent dose

cassetie as described herein.

Needie Insertions/Retraction and Medication Adnunistration

G036] FI(z. 11 15 a perspective view of a dose casselte in accordance with the disclosed
embodiments. FIG. 12 is a sectioned perspective view of a dose cassetie in accordance with the
disclosed embodiments. The dose cassette includes an outer secondary container 110, the
primary container 105 filled with medicament, a primary container carrier 106, at least one
spring 103 to bias the primary container, a needle cap 108, a locking mechanism 101 to fix the
primary container 105 within the dose cassette prior to activation, a latching mechanism 102 to
release the primary container from this fixed position via the linear actuator, a primary container
viewing window 107, and an RFID tag 104 to store drug/medicament information. The dose
cassette also includes a ledge 109 that allows the base latch of an antoinjector 1o lock the dose
cassette in place. The primary container 105 may be biased distallv by the spring 103. During
transporiation and storage, the dose cassetie needle insertion and retraction latching mechanism
102 is locked due to the position of the needle cap 108, which secures the locking mechanism
101, The locking mechanism 101 is biased distally and mechanically engaged (or “interferes™)
with the latch mechanism 102 when the needle cap 108 is in place, such that the latching
mechanism 102 cannot move to unlatch the primary container 105 whenever the locking
mechanism 101 and the needle cap 108 are in place. The locking mechanism 101 prevenis the
needle from accidentally being actuated during storage or transporiation of the dose cassette, as
well as when the dose cassette is being handled {e.g., when the dose casseite is being inserted
into an autoinjector). Because the retraction latching mechanism 102 is biased by the spring
123, the spring could potentially become compressed, for example, if the dose cassetle is
dropped. If the spring 123 1s compressed enough, the retraction latching mechamsm 102 could
become disengaged with the housing of the dose cassette, causing the needle to move. The

locking mechanism ensures that such an event does not happen.
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{60871 FIG. 13 is asectioned perspeciive view of a portion of a dose cassette in accordance
with the disclosed embodiments. The portion of the dose cassetie in FIG. 13 shows a close up
of the sectioned perspective view of the dose cassette of FIG. 12. The needle insertion and
retraction laiching mechanism 102 is biased radially towards the walls of the secondary container
viaaspring 123. Removing the needle cap 108 allows the lock mechanism 101 to be deactivated,
such that the retraction latching mechamsm 102 can move radially within the dose cassette. The
spring 123 bias is overcome when the plunger head driver 610 pushes the latch off the secondary
container housing ledge 122. The plunger head driver 610 pushes the retraction latching
mechanism 102 via a ramp 115, visible in FIG. 14, In an alternative embodiment, the plunger
head driver may have a ramp to push the retraction latching mechanism. In either embodiment,
the plunger head driver and retraction latching mechanism are configwred such that an axial
movement of the plunger head driver can cause the retraction latching mechanism to move

radially.

[GOB8] With the spring 103 biased distally, a rapid needle insertion is enacted when the
latch of the retraction latching mechanism 102 is pushed off the secondary container housing
ledge 122, In other words, when the retraction laiching mechamsm 102 no longer mechanically
engages with the secondary container housing ledge 122, the spring 103 that 1s compressed
pushes rapidly out of the dose cassetie housing. The spring 103 also continues to bias the primary
container 105 afier the needle has been inserted so that the needle stays in position while a
medicament is administered. The needle outside of the housing can be seen in FIGS. 25 and 26,
The linear actuator 600 proceeds further distally bevond the retraction laiching mechanism 102
1o expelling the medicament. The dose is expelied by the plunger head driver 610 pushing a
plunger head 120 of the dose cassette (the plunger head 120 is shown in FIG. 14). The needle
may be ingerted to a particular depth based on how the dose cassette is configured. For example,
the primary container 105 may be configured with a wider diameter at the proximal end so that
it cannot extend past a specific point, such as near the ledge 109 where the wider diameter portion
of the primary container 105 mav mechanically engage with the housing of the dose cassette. In
another example, the distal end of the housing of the dose casseite may narrow such that the
primary container 105 cannot move past that section of the housing.  Accordingly, a needle may
be controlled o only extend a predetermined amount outside of the dose casselte and/or
autoinjector base. The spring 103 also keeps the primary container 105 and the needle biased

distally
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[6089] When the full dose is expelled, the linear actuator moves proximally back to a home
position, such as the position. During the return stroke, the plunger head driver 610 15 coupled
to the retraction latching mechanism 102, pulling the primary container assembly (the locking
mechanism 101, the refraction latching mechanism 102, the primary container 105, primary
container carrigr 106) proxamally into the dose cassette. This occurs because a surface opposite
the ramp 115 (on a distal side of the retraction latching mechanism) mechanically engages with
the plunger head driver 610 when it moves proximally through the dose cassette after the needle
has been inserted and the dose has been expelled. Accordingly, the primary container assembly
can move proximally and pull the needle out of the user and back into the dose cassetle ag the

plunger head driver 610 moves proximally through the dose cassette,

[3090] As the plunger head driver 610 and the retraction latching mechanism 102 reaches
the proximal-most end of the dose cassetie, the latching mechanism 102 s pushed outward by a
ramp 121 of the housing of the dose cassette, disengaging with the plunger head driver 610 s0
that the plunger head driver 610 and the retraction latching mechanism 102 become decoupled.
The ledge 122 also has a ramp so that the latching mechanism can move past the ledge on the
return stroke as well. The spring bias of both springs 123 and 103 reorient the primary container
asserobly back into their mital position once the plunger head driver 610 is released from
interfering with the latching mechanism 102, In the mnitial position, as shown in FIGS. 12-14,
the latching mechanism 102 rests on the dose cassette ledge 122. This secures the used needle
within the dose cassette, and the dose cassette can then be safely ejected from an autoingector

without having an exposed needie.

16091} FI(z. 14 13 a cross section view of a dose cassette in accordance with the disclosed
embodiments. The dose cassette is similar to the dose cassetie described above with respect (o
FIGS. 11-13, except the spring 103 1s in a different location within the dose cassette. FIG. 14
shows the latching mechanism 102 that has aramp 115, The ramp 115 is actuated by the plunger
head driver 610, unlatching the latching mechanism 102 from the housing/outer container of the
dose cassette at the ledge 122, FIG. 14 also shows the RFID tag 104 that can be read by an RFID
reader, such as the RFID reader 750 of FIG. 9. FIG. 14 also shows the plunger 120 of the dose
cassette that can be actuated by the plunger head driver 610 of an auioinjecior to expel a dosage
of medicament to a user.

606921 Although the mechanisms for negdle actuation described above are with respect to

a needle in a disposable dose cassette, the aspects of the dose cassette can be implemented in a
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reusable autoinjector as well, whether the reusable autoinjector uses dose cassettes or not. That
is, methods and aspects for securing, actuating, and retraciing the needle as described herein are
not himited to disposable dose cassettes.  Accordingly, rapid needle insertion can occur as a
feature of a primary drive mechanism used to deliver medicament in any type of injector, other

embodimenis of which are described below.

{6093} In various embodiments, during a resting state, the needle is retracted within the
injector unit {a home position). A primary container is fixed to a primary container carrier, which
is fixed to one end of a tension spring. The primary container carrier can move axially within
the umt. In the home position, the spring 1s elongated, producing a force in the distal direction
of the device. This position 1s maintained via a latching roechanism. The latching mechanism 1s
spring biased toward a ledge. The ledge 1s perpendicular to the axial motion of the primary
container carnier and rigidly attached to the umit.  In various embodiments, the latching
mechamsm mav move hnearly or rotationally, but in either method the latching mechanism
travels perpendicular to the primary axis and moves such that the laiching mechanism no longer
mechanically engages with the ledge. Accordingly, the latching mechanism is shaped such that
the linear or rotational movement will cause the latching mechanism o disengage with the ledge.
The ledge 1s preceded bv a rarp, allowing the latching mechanism to shide up the ramp, against

the spring force, and secure 1o the ledge.

[3094] To release the latch from the ledge, a linear actuator provides a ramp and hook.
The linear actuator also provides a fedge, which is larger than the one rigidly attached {o the unit.
As the ramp moves distally, it contacts a section of the latch, shiding the latch free from the ledge.
In another embodiment, a ramp may be on the latch instead of or in addition to the ramp on the
linear actoator. In any case, the engagement of the linear actuator translates motion from the
linear actuator into rootion of the latch i a perpendicular direction to the motion of the hinear
actuator. The movement of the latch releases the tension spring, rapidly driving the primary
container carrier distally. The carrier is stopped at a pre-determined distance via a mechanical

barrier, depending on needle depth requirements,

{6095} As the linear actuator proceeds distally, expelling the medicament, the ramp and
hook push the latching mechanism aside, and then proceeds bevond the contact point of the laich
1o engage a plunger. When the linear actuator retracts proximally within the device, the latching
mechanism atlaches {o the hook on the linear actoator. The hinear actuator overcomes the spring

force, and the two components move distally together.  Because the hook ledge 1s greater than
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that of the ledge on the unit, it allows the latching mechanism to slide over the ramp while
remaining fixed to the hook on the linear actuator. A second ramp imroediately proceeds the
first, which is larger than the hook ledge. This causes the latch to be released from the hook
Upon release from the hook, the laich and primary container carrier springs return and secure

the privnary container to the home position ledge.

{0096} To prevent musfires if the unit is dropped or misused, additional design features
may be included. For example, an embodiment includes a lock which mechanically engages
with the latching mechanism. This lock is biased in place via the needle shield. When the lock
is in place, the latching mechanism cannot be removed from the ledge, ensuring the spring force
cannot be overcome if dropped or mishandled. Upon removal of the needle cap, the lock pulls

away from the latching mechanism and the latch can then be released from the ledge.

{66971 In some embodiments, a second ramp and hook are on the binear actuator distally
located from the first ramp and hook. In this embodiment, if the latch detaches from the ledge
accidentally, the pnimary contamer carrier proceeds to engage and get caught on the secondary
hook. The secondary hook is located such that the needle is still distally located within the device
o prevent a needle stick injury. Sensors within the device can detect this anomaly and reset the

latch by moving the linear actuator distally, and replacing the latch onto the ledge.

[3098] This secondary ramp and hook can also provide a way to remove a rigid needle
shield. As the first ramp removes the latch from the ledge, the primary container carrier proceeds
to the second hook. Meanwhile, this pushes the rigid needle shield through an elastomeric iris.
As the linear actuator returns distally, the iris affixes to the needle shield, pulling it from the

svringe. The linear actuator then proceeds distally and replaces the laich onto the ledge.

[6699] FIG. 15 is a sectioned perspective view of a reusable autoinjector base and a dose
cassette 100 just prior to the dose cassette being inserted into the reusable autoinjector base in
accordance with the disclosed embodiments. FIG. 15 shows a dose cassetie 100, a backplate
810, a plunger head driver 610, a base latch 850, and a latch lock 870, In FIG. 15, the dose
cassette 100 is about {0 be inseried into the auioinjector base. The dose cassette 100 may be a
dose cassette such as the one described above with respect to FIGS. 11-14. The autoinjector
base may be an autoinjector base such as the one described above with respect 1o FIGS. 9 and
10 having a linear actuator such as the one described above with respect to FIGS. 4-8. FIGS.
16-30 discussed below demonstrate the various states of a dose cassette and auloinjector

according to an embodiment of the present technology.
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[6100] FIG. 16 15 a sectioned perspective view during an insertion of a dose cassette into
a reusable autoinjector base 1n accordance with the disclosed embodiments. FIG. 16 shows the
dose cassette 100 moving into the reusable autoinjector base. As the dose cassette is inserted,
the base latch 850 moves radially toward the housing of the awtoinjector base. This allows the
dose cassette to be fully inserted into the automjecior base. The base latch 850 includes aramp
851 that engages with the dose cassette as the dose cassette i1s inserted. This interaction pushes
the base latch 850 outward radially allowing the dose cassette to continue to move axially within

the autoinjector base.

[6101] FIG. 17 is a sectioned perspective view of a dose cassette locked inio a reusable
autoinjector base n accordance with the disclosed embodiments. FIG 17 shows the dose
cassette after it has been pushed into the autoinjector base. A portion of the base laich 850 shides
past the ledge 109 into a space where the dose cassette has a smaller diameter than the rest of
the dose cassette. A locking surface 852 on the base latch 850 mechanically engages with a
surface of the ledge 109 to lock the dose cassette in place with respect to the clasp mechanism
of the autoinjector. In this way, as described herein, the dose casseite is secured within the
autoimjector but can also be moved radially within the autoimjector along with the clasp
mechanism. FIG. 17 also shows a sensor 830 and a needle cap 108, In addition, once fully
inserted, a proxamal end of the dose cassette bumps up against a backplate 810, causing a
backplate spring 815 to be compressed. This spring biases the backplate 810 against the dose
cassette, which pushes up against the base latch 850 such that the dose cassette 1s secured within

the autoinjector base.

16102} FI(z. 18 1s a cross section view of a dose cassetie locked into a reusable autoinjector
base in accordance with the disclosed embodiments. The dose cassetie is shown as being fully
mserted in the autonjector base, and the base latch 850 1s in position to secure the dose cassette.
At this point, no injection has taken place and the needle cap of the dose cassette is still covering
the needle in the dose cassette. A plunger drive unit 610 is also shown engaging the latch lock
center 873, As described herein, this allows the plunger duve unit 610 to rotate the latch lock
§70 and move the clasp mechanism and dose cassette axially within the autoinjector base. FIG.
18 aiso shows how the RFID tag 104 of the dose cassette can align with the RFID tag reader 750

so that the information stored on the RFID tag 104 can be read.

[6103] FIG. 19 is a sectioned perspective view of a dose cassette within a housing of a

reusable autoinjector base in accordance with the disclosed embodiments. FIG. 19 shows that a
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plunger drive unit has started to puil the latch lock center proximally within the housing, causing
the tatch tock 870 to rotate around a hinge 871, This causes a tocking arm of the latch lock 870
to move out of a locking space 872 and into an unlocked space 873. Once the locking arm of
the latch lock 870 is in in the unlocked space 873, the clasp mechanism including the latch lock
870 and the base latch 850 can move proximally within the housing as shown 1o FIGS. 20-23.

This 1 turn also moves the dose cassette because the base latch 850 secures the dose cassette,

[6104] FIG. 20 is a sectioned perspective view of a needle cap of a dose cassetie beginning
1o be removed in accordance with the disclosed embodiments. FIG. 20 shows the clasp
mechanism mcluding the base latch 850 and the latch Tock 870 having moved proximally within
the auvtoinjector, such that needle cap 108 begins fo be separated from the dose cassette because
of mechanical engagement with a distal end of the housing. In this case, the distal end of the
housing includes a sensor 830, but other embodiments may not have a sensor at the distal end of
the housing where the needle cap mechanically engages with the housing. In this example, the
sensor 830 is a proximity sensor that can detect a presence of the needle cap. Unce the needle
cap is fully inserted the autoinjecior, the system may determine that a needle cap removal process
may begin based on a signal from the sensor 830 indicating that a needle cap is present. As
described herein, the needle cap 108 has a diameter that 1s larger than the diameter of the dose
cassette. In this way, the dose cassette can shide into the housing but the needle cap 108
mechanically engages with the housing of the autoinjector base. FIG. 20 also shows that the

baseplate 810 moves proximally along with the dose cassette, compressing the spring 815,

[3105] FIG. 21 1s asectioned perspective view of aneedle cap of a dose cassetie contacting
a sensor of a reusable autoinjector base in accordance with the disclosed embodimenis. FIG. 21
1 similar to FIG. 20 but shows the sensor 830 and aspring 831 that biases the sensor 830 distally.
When the dose cassetie 15 pulled backward, the needle cap 108 mechanically engages with the
sensor 830, causing it to move proximally as shown in FIG. 21, This spring can help the needle

cap 108 be removed briskly once it has been pushad far enough out of the dose cassette.

[3106] FIG. 22 13 a sectioned perspective view of a needle cap of a dose casselle being
removed in accordance with the disclosed embodiments. Once the needle cap 1s removed as
shown in FIG. 22, the spring 831 pushes the sensor 830 back forward. Accordingly, as shown
in FIGS. 19-23, an automjector with a housing for disposable dose cassettes can be loaded. The
dose cassetie includes a primary container and needle, a secondary container, and a needle cap,

the neadle cap including a needie shield connected to a rigid base with a diameter larger than the
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secondary container of the dose cassette. When the dose cassette is loaded into the autoinjector
housing, the outer edge of the ngid base makes contact with the pressure sensor surrounding the
distal end of the housing. The autoinjector detects the presence of the needle cap via contact
between the outer edge of the rigid base and the pressure sensor on the distal end of the housing.
The autoinjector moves the dose cassette proximally within the housing of the auioinjector,
separating the needle cap from the dose cassette when the proximal movement of the needle cap
1s impeded by contact between the ower edge of the rigid base and the pressure sensor on the
distal end of the housing. The autoinjector then detects the absence of the needle cap via a loss
of contact between the rigid base and pressure sensor when the needle cap is separated from the
dose cassette. The autoinjector can then be activated for injection once the pressure sensor loses
contact with the owler edge of the rigid base, confirming the needle cap has been removed from

the dose cassette,

(G107} FIG. 23 is a cross section view of a needle cap of a dose cassette being removed in
accordance with the disclosed embodiments. it shows the dose cassette 108 beginning to be
removed, simifar to FIGS. 20 and 21, and shows the latch lock 870 in a rotated, unfocked state
that allows for the clasp mechanism to move axially within the housing, so that the dose cassette

can be moved for needle cap removal.

[3108] FIG. 24 is a sectioned perspective view of a dose cassette locked in place in advance
of a needle protruding from the dose cassette in accordance with the disclosed embodiments.
The needle cap in FIG. 24 has been removed, and the latch lock 870 has retwrned to a tocked
state, as the locking arm of the latch lock 870 has moved back into the locking space 872 and

out of the uniocked space 873.

[6109] FIG. 25 15 a sectioned perspective view of a needle protruding from a dose cassetie
i accordance with the disclosed embodiments. The plunger head driver of the linear actuator
can proceed into the dose cassetie to actuate needle insertion as described hevein. FIG. 25 shows

a needle 130 extending from the autoinjector base.

10110} FIGG. 26 is a cross section view of a needle protruding from a dose cassette in
accordance with the disclosed embodiments. The fead screw 620 in FIG. 26 can be seen
extending into the dose cassette to actuate the needle 130 insertion. Although the plunger head
driver 610 has not vet engaged a plunger {o deliver the medicament, the plunger head driver 610

can move distally even further to engage the plunger and deliver the medicament being stored i
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the primary container 105 through the extended needle 130. FIG. 26 also shows the latch fock

870 in alocked staie.

0111} FIG. 27 15 a sectioned perspective view of a dose cassette being unlocked from a
reusable autoinjector base in accordance with the disclosed embodiments. In FIG. 27, the latch
fock 870 is again rotaied around a hinge 871 when the linear actuator pulls the plunger head
driver 610 proximally so that it mechamcally engages with the latch lock center 875, This again
causes the locking arm of the latch lock 870 to move into the unlocked space 873. In addition,
the base latch 850, the dose cassette, and the backplate 810 are also moved proximally within
the housing. In FIG. 27, the laich lock 870, the base latch 850, the dose cassette, and the
backplate 810 are moved proximally further than they were for the needle cap removal as shown
in FIGS. 19-23. This causes a ramp 853 of the base latch 850 {o mechanically engages with
part of the housing of the autoinjector to unlatch the base latch 850, During needle cap removal,
the ramp 833 does not mechanically engages with the housing, so the dose cassette stays secured
by the base latch 850, This is why the base latch 850 13 moved further in a proximal direction in
order to unlatch the dose cassette after injection. FIG. 27 also demonstrates how this mechanical
engagement between the rarap 853 and the housing causes the locking surface 852 of the base
latch 850 to become disengaged with the ledge 109, thereby unlatching the dose cassette from
the autoinjector base. The movement of the backplate 810 as the dose cassetie is pulled back
also further compresses the spring 815, storing compression energy that is used to gject the dose

cassette as described herein {and shown for example in FIGS. 29 and 30).

3112} FIG. 28 1s a cross section view of a dose cassetie being unlocked from a reusable
autoiniector base in accordance with the disclosed embodiments. FI(z. 2% shows the mechanical
engagement of a ramp of the base laich 850 with the housing of the autoinjector, causing the
base latch 850 to move radially away from the dose cassette and disengage from the ledge 109,
FI1G. 28 also shows how the plunger head driver 610 is engaged with the laich lock center 875
to pull each of the latch lock center 873, the latch lock 870, the base laich 850, and the dose
cassette proximally to a position further proximal than the position at which the needle cap was
removed (as shown for example in F1G. 23). Also shown is how the needle has been pulled back

intto the dose cassette housing after injection.

[6113] FIG. 29 15 a sectioned perspective view of a dose casseite 100 being ejected from a
reusable auloinjector base in accordance with the disclosed embodiments. FIG 301s a sectioned

perspective view of an gjected dose cassette 100 in accordance with the disclosed embodiments.
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After the base latch 850 bacomes disengaged from the dose cassette 100 as described above with
respect to FIGS. 27 and 28, the dose cassette 100 is gjected as a result of the spring 815 pushing
the backplate 810 distally, which also then pushes the dose cassette 100 distally. As described
above, the needie 15 withdrawn back into the dose cassette before gjection such that the dose
cassette may be safely disposed of  Afler {ull gjection as shown 1in FIG. 30, the autoinjector is
returned back to a position such as that shown in FIGS. 9 and 15, so that it can receive a
subsequent dose cassette. To do so, the plunger head driver 610 moves proximally, allowing the

latch lock to be pushed proximally by the spring 820 and return to a locked position.

[G114] FIG. 31 1s a flow diagram illustrating a wethod 3100 for utilizing a linear actuator
with a hollow dnive shaft in accordance with the disclosed embodiments. In various
embodiments, fewer, additional, and/or different operations may be performed. Also, the use of
a flow diagram i3 not meant to be hmiting with respect to the order of operations performed
unless otherwise noted. In an operation 3105, a hollow drive shaft is rotated by a motor. The
hollow drive shaft and motor may be similar to those described herein, such as with respect to
FI(GS. 4-8 above. In an operation 3110, a lead screw nut 1s rotated in response to rotation of the
hollow drive shaft. The lead screw nut is operably connected to the hollow drive shaft. The lead

screw nut may be connected to the hollow drive shaft directly or through a gear box.

[3115] In an operation 3115, the lead screw 1s moved in response to the rotation of the lead
screw nut. The lead screw is operably connected to the lead screw nut. In particular, the threads
of the lead screw engage with the lead screw nut so that the lead screw can move axially within
the lead screw nut. This can therefore transiate rotational motion from the motor into linear
motion of the lead screw. As described herein, the rotation of the lead screw nut can also include
exerting, from the hollow drive shafl, a rotational force on the lead screw nul via g gear box
operably connected to the hollow drive shaft and the lead screw nut.  As descrnibed herein, the
{ead screw is configured to pass through all or at least part of the hollow drive shaft. The gear
box may also include a hollow gear box opening, that aliows the lead screw to pass through all
or part of the hollow gear box opening. This hollow gear box opening is aligned with the hollow
drive shaft as described herein. The lead screw may pass through an entire length of each of the
hollow gear box opening and the hollow drive shaft, even extending outside of the hollow gear

box opening and hollow drive shaft combined.

[6116] As described herein, the lead screw can have a plunger head driver at iis distal end.

Therefore, using rotation of the motor causing movement of the lead screw, the various methods
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and svstems disclosed herein can be practiced, including, e g., avtomated needle cap removal,
automaled rapid needle insertion, medicament expulsion, automated dose cassette gjection, and
any combination thereof The motor may also be controlled by a controller that can send signals
to the motor to conirol aspects of the motor such as speed at which to rotate, which direction to

rotate, eic. In this way, the motor can be controlled to implement the various methods and

|7

svstems described herein,

6117} FIG. 32 1s a flow diagram illustrating a method 3200 for removing a needle cap
from a dose cassette in accordance with the disclosed embodiments. In various embodiments,
fewer, additional, and/or different operations may be performed. Also, the use of a flow diagram
is not meant to be linuting with respect to the order of operations performed unless otherwise
noted.  In an operation 3205, a dose cassette is recetved into a housing. The dose cassette
mncludes an outer container and a needle cap having a base with a diameter larger than the outer
container. In an operation 3210, the dose cassette 13 secured within the housing using a clasp
mechanism as described herein. Although specific clasp mechanisms are described above, any

mechanisim suitable for securing the dose cassette within the housing may be uiilized.

[6118] In an operation 3215, the dose cassette 1s moved proximally within the housing
after the dose cassette 1s secured within the housing. In an operation 3220, a presence of the
hase of the needle cap at the distal end of the housing is sensed. In some embodiments, the
presence of the needle cap may not be detected. Once the presence of the needle cap is sensed,
the needle cap is separated from the dose cassette because of mechanical engagement between a
distal end of the housing and the needle cap in an operation 3223, In some embodiments, the

needle cap may be removed only after the needle cap is sensed.

[6119] in an operation 3230, it is determined that the needie cap has separated from the
dose casseite. This sensing may ulilize the same sensor used in the operation 3220, or may
utilize a different sensor. The sensor(s) used to deternune presence or absence of a needle cap
may also be utilized to determine the presence of skin after the needle cap is removed. In this
way, an autoinjector can determine that, after a needle cap 15 removed, the astoinjector is in
proper position for an injection. In some erobodiments, the autoinjector will not imitiate the rapid
needle insertion disclosed herein unless skin is sensed. In an operation 3235, medicament of the
dose cassette is delivered after determining that the needie cap has separated from the dose

cassetie.
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[6120] FIG. 33 i3 a flow diagram illustrating a method 3300 for ejecting a dose cassetie
from a reusable autoinjector base in accordance with the disclosed embodiments. In various
embodiments, fewer, additional, and/or different operations may be performed. Also, the use of
a flow diagram is not meant to be limiting with respect {0 the order of operations performed
unless otherwise noted.  In an operation 3305, a dose cassette 13 received at a housing of an
autoinjector device. In an operation 3310, the dose cassette is secured within the housing using
a base latch. In an operation 33135, a black plate operably connected to a spring is moved. The
back plate moves proximally within the housing upon receipt of the dose cassette info the

housing.

0121} in an operation 3320, the spring 15 compressed as a result of the proximal movement
of the back plate within the housing. In an operation 3325, the dose casselte is moved by an
actuator operably connected to the base latch. The movement of the dose cassette and the base
latch 1s proximally within the housing after the dose cassette is secured in the housing. In an
operation 3330, the dose cassette is ejected from the housing in response fo the proximal
movement of the base laich and the dose cassette. The ejection of the dose cassette can be

effected using the method 3400 described below with respect to FIG. 34,

[6122] FIG. 3415 a flow diagram illustrating a method 3400 for unlocking a dose cassette
from a reusable autoinjector base in accordance with the disclosed embodiments. In various
embodiments, fewer, additional, and/or different operations mayv be performed. Also, the use of
a flow diagram i3 not meant to be limiting with respect to the order of operations performed
unless otherwise noted. In an operation 34035, the base latch moves radially outwards because
of proximal axial movement of the base latch within the housing. The movement of the base
laich causes the dose cassette to become unsecured within the housing. Tn an operation 3410,
the spring attached to the backplate is decompressed in response to the dose cassette becoming
unsecured. In an operation 3415, the back plate moves distally within the housing as a result of
the decompression of the spring, wherein the movement of the back plate pushes the dose

cassette out of a distal end of the housing,

[3123] As described herein the base laich mav include a first ramp swface that
mechanically engages with the housing to cause the base latch to move radially outwards upon
the proximal movement of the dose cassetie within the housing. The radially outward movement
of the base latch causes a locking surface of the base latch to move out of contact with a ledge

of the dose cassette. The base latch may also include a second ramp surface. During an insertion
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of the dose cassetie, an outer container of the dose cassette mechanically engages with the second
ramp surface and pushes the base laich radially outward until the locking surface of the base
{atch reaches the ledge. Upon reaching the ledge, the distal end of the base latch moves radially
inward into a space in the outer container of the dose cassetite at the ledge. The autoinjecior may
also include a latch lock operably connected to the base latch. The latch lock prevents the base
latch from moving axially within the housing while the dose cassette 1s being received into the

housing,

[6124] The latch fock may be adjusted as described herein, in response to the securing of
the dose casseite within the housing, such that the base latch is permitied to move axially within
the housing. This allows for moving the base latch and the dose cassette proximally within the
housing from a first position to a second position or a third position. At the first position the
base latch secures the dose cassette within the housing upon {ull insertion of the dose cassette.
At the second position a needle cap on a distal end of the dose cassette mechanically engages
with a distal end of the housing such that the needle cap is removed from the dose cassette. At
the third position. the base latch mechanically engages with the housing and moves radially
outwards to unlock the dose cassetie as described herein. A first distance between the first
position and second position 1s less than a second distance between the first position and the

third position.

[3125] A medicament stored within the dose cassetie can be delivered after the dose
cassette is secured within the housing. In some embodiments, the dose cassetie may be gjected

from the housing onlv after the medicament 1s delivered.

{6126} FIG. 35 is a flow diagram illustrating a method 3500 for needle insertion from a
dose cassette in accordance with the disclosed embodiments. In various embodiments, fewer,
additional, and/or different operations may be performed. Also, the use of a flow diagram 1s not
meant to be himiting with respect to the order of operations performed unless otherwise noted.
In an operation 35035, a linear actuator is moved axially within a housing to engage the linear
actuator with a latching mechanism operably connected to a primeany contaimer. The prumary
container 1s operably connected to aneedle and 15 configured to move axially withun the housing.
A first spring has a first end operably connected to the primary container and a second end
operably connected to the housing. An axis of the first spring may be oriented parallel to an axis
i which the primmary housing moves within the housing of an autoimjector base, so that energy

stored by the spring can be applied to move the primary housing. The laiching mechanism is
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operably connected to the primary container and is biased toward a ledge by a second spring.
The latching mechanism may also nclude a ramp onented at an angle between an axis in which
the linear actuator moves and a surface of the ledge perpendicular to the axis, such that when the
linear actuator engages the latching mechanism, the latching mechanism moves in a plane
perpendicular to the axis. In another embodiment, a distal end of the linear actuator includes a
ramp oriented at an angle between an axis m which the linear actuator moves and a surface of
the ledge perpendicular to the axis, such that when the linear actuator engages the latching
mechanism, the laiching mechanism moves in a plane perpendicular to the axis. The ledge is
fixed with respect to the housing. A surface of the ledge may be oriented perpendicular to the
axial direction of movement of the primary container within the housing. The second spring has
a first end operably connected to the latching mechanism and a second end operably connected
to the primary container. An axis of the second spring may be orienled perpendicular to an axis
in which the primnary container moves within the housing of the autonjector base, so that the
latching mechanism can move perpendicular to the movement of the primary container based on
energy stored in the second spring. The primary container and the needle are fixed within the
housing based on roechanical engagement between the latching mechanism and the ledge before

the linear actuator is engaged with the latching mechanism.

{3127} In an operation 3510, the latching mechanism is moved in response 1o engagement
of the hinear actuator with the latching mechanism, such that the latching mechanism no longer
mechamcally engages with the ledge. In an operation 35135, the primary container and the needle
are moved in response to the movement of the latching mechanism. In particular, the primary
container and the needle are moved distally with respect 1o the housing based on an energy stored

i the first spring.

[6128] In an operation 3520, the linear actuator engages a plunger drive unit to dispense
the medicament after the primary container and the needle are moved based on the energy stored
in the first spring. In an operation 3525, the latching mechanism is re-engaged by the linear
actuator to retract the needle back into housing. In an operation 3530, the laiching mechanism
is re-engaged with the ledge to secure the needle within the housing. The housing may include
a ramp configured to move the {atching mechanism such that the laiching mechanism and linear
actuator disengage based on distal movement of the hnear actuator, and after the needle is

retracted back into the housing,
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[6129] FIG. 3615 a block diagram illustrating an autoinjector computing device 3600 and
server computing device 3625 in accordance with the disclosed embodiments. The computing
components shown in FIG. 36 may be used to implement the various methods and systems
disclosed herein with respect to autoinjectors. For example, the awtoinjector may be controlled
by mstructions stored on the memories of the server 3625 and or the autoinjector device 3600.

In various embodirents, fewer, additional and/or different components may be used in a system.

[G130] FIGz. 36 illustrates the autoinjector device 3600 and a server 3625 that may be used
in accordance with various embodiments. The autoinjector device 3600 inciudes a proceassor
3615 that 15 coupled to a memory 3605, The processor 3615 can store and recall data and
applications in the memory 3603, including applications that control and track aspects of
autoinjectors as disclosed herein. The processor 3615 may also display objects. applications,
data, etc. on the interface/display 3610, The processor 3615 may also receive mputs through the
interface/displav 3610, The processor 3615 15 also coupled to a transceiver 3620 With this
configuration, the processor 3615, and subsequently the first party awtoinjector device 3600, can

commumnicate with other devices, such as the server 3625 through a connection 3670

[6131] The server 36235 includes a processor 3635 that is coupled 1o a memory 3630. The
processor 3635 can store and recall data and applications in the merory 3630, The processor
3635 is also coupled to a transceiver 3640, With this configuration, the processor 36353, and
subsequently the server 3625, can communicate with other devices, such as the first party

autoinjector device 3600 through a connection 3670,

[3132] The devices shown in the illustrative embodiment mav be utihized in various ways.
For example, the connection 3670 may be varied. The connection 3670 may be a hard wired
connection. A hard wired connection may involve connecting the devices through a USB
{universal serial bus) port, serial port, parallel port, or other type of wired connection that can
facilitate the transfer of data and information between a processor of a device and a second
processor of a second device. In another embodiment, the connection 3670 may be a dock where
one device may plug into ancther device. While plugged into a dock, the autoinjector device
3600 may also have its batteries charged or otherwise be serviced as well as upload information
about medicament deliveries to a server. In other embodiments, the connection 3670 may be a
wireless connection. The connection 3670 may take the form of any sort of wireless connection,
mcluding but not hmited to Bluetooth connectivity, Wi-Fi connectivity, cellular data network

conmectivity {a.g., 3G, 4G, LTE. 5G), another wireless protocol, or any combination thereof.
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Other possible modes of wireless communication may include near-field communications, such
as passive radio-frequency identification (RFID)Y and active {RFID) technologies. RFID and
similar near-field communications may allow the various devices to conununicate in short range
when they are placed proximate to one another. In an embodiment using near field
commmunication, two devices may have {o physically {or very nearly) come into contact, and one
ot both of the devices may sense various data such as acceleration, position, orientation, velocity,
change in velocity, IP address, and other sensor data. The system can then use the various sensor
data to confirm a transmission of data over the internet between the two devices. In vet another
embodiment, the devices may connect through an internet (or other network) connection. That
is, the connection 3670 may represent several different computing devices and network
components that allow the various devices to communicaie through the internet, either through
a hard~wired or wireless connection. The connection 3670 may also be a combination of several

maodes of connection.

16133] To operate different embodiments of the system or programs disclosed herein, the
various devices may communicate in different ways. For example, the autoinjector device 3600
may download various software applications from the server 3625 through the internet. Such
software applications roay allow the various devices disclosed herein to perform some or all of
the processes and functions described herein. In another embodiment, the autoinjector device
3600 may operate using internet browsers that can access websites that perform the functionality
of any of the systems and methods disclosed herein. Additionally, the embodiments disclosed
herein are not limited to being performed only on the disclosed devices in FIG. 36, It will be
appreciated that many various combinations of computing devices may also communicate with
an autoinjector and assist i executing the methods and systems disclosed herein. Examples of
such computing devices may include smart phones, personal computers, servers, laptop

computers, tablets, blackberries, RFID enabled devices, or any combinations of such devices.

[0134] The configuration of the devices in FIG. 36 is merely one physical system on which
the disclosed embodiments may be executed. Gther configurations of the devices shown may
exist to practice the disclosed embodiments. Further, configurations of additional or fewer
devices than the ones shown in FIG. 36 may exist to practice the disclosed embodiments.
Additionally, the devices shown i FIG. 36 may be combined to allow for fewer devices or

separated where more than the two devices shown exist in a system.
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[6135] In some embodiments, systems and methods for automatically removing a needle
cap may be implemented on an imjector assembly for avtomatically delivering a dose of a
medicament to a subject in a conirolled manner. Such an injector assembly may include, for
example, an activation switch for initiating automatic delivery of the dose of the medicament, a
needle aperture at a distal end of the injector assembly and for enabling an injection needle to
pass there through, a plunger drive mechanism for applying pressure to the plunger assembly,
and a cavity for housing at least a portion of a removable cartridge module. The removable
cartnidge module may include (a) a needle housing for dictating the range of mjection depths or
possible, (b) a plunger housing for aligning a plunger assembly with the plunger drive unit, {c)
an identification code associated with the medicament, and {d} a cavity for reversibly securing a

pre-filled cartridge in the proper orientation.

[3136] In these embodiments, the removable cartridge module may be similar to the dose
cassette described above, for example, with respect to FIGS. 11-14. Further, the injector
assembly may include mechanisms for removing the needle cap similar to mechanisms describe
above with respect to, for example, FIGS. 9-22. Thus, the removable cartridge module may

mclude aneedle cap 108 that may be automatically removed by the injector assembly.

[6137] in one ernbodiment, the pre-filled cartridge 1ncludes: (i) a barrel for containing the
medicament and having a proximal end and a distal end, (11} a needle operably connected to the
distal end of the barrel, (111} a plunger assembly including a plunger rod having a distal end
mitially located near the proximal end of the barrel, and a proximal end inclading a plunger head,

and (iv) an amount of the medicament.

[6138] In one embodiment, the plunger drive mechanism includes a motor operably
connected to the activation switch (e.g. a bution, toggle, lever, dial, rocker or similar} and an
actuator operably connected to the motor and the plunger assembly; al least one engagement
feature for securing the removable cartridge module n the cavily in the proper orientation; a
door, at least a portion of which is optionally substantially transparent, for enabling instaliation
and/or removal of the removable cartridge module to/from the igector cavity, as well as loading
and/or removal of the pre-filled cartridge to/from the installed cartridge module cavity ; a
cartridge module drive assembly for moving the cartridge module axially towards the proximal
and distal end of the injector assembly, the cartridge module drive assembly including at least
one gear element operably connected o the motor and the activation switch; a code reader for

reading an identification code associated with the pre-filled cartridge and the medicament
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contained within the carindge; a sensor for detecting contact with skin of the subject; a battery
operably connected to the motor; a control unit {e.g. microcontroller} with associated memory
containing a library of injection programs and operably connected to the sensors, code reader,

drive mechanism(s) and activation switch.

[3139] In some embodiments, a cartridge module may inciude a needle housing for
dictating the range of iryection depths possible: a plunger housmng for aligning a plunger
assembly with the plunger drive unit; a cavity for reversibly securing a cartridge pre-filled with
a medicament; an identification code associated with the pre-filled cartridge and the medicament
contained within, at least one fitling for removably engaging the cartridge module with the
mjector assembly 1n the proper orientation; and at least one fitting for engaging the cartridge
module with a cariridge module drive assembly, optionally wherein the cartridge drive assembly

1s integrated with the injector assembly.

[3140] The above detailed descriptions of embodiments of the technology are not intended
to be exhaustive or to linit the technology to the precise form disclosed above. Although specific
embodiments of, and examples for, the technology are described above for illustraiive purposes,
various equivalent modifications are possible within the scope of the technology, as those skilled
1o the relevant art will recognize. For example, while steps are presented i a given order,
alternative embodiments may perform steps in a different order. The various embodiments

described herein may also be combined to provide further embodiments.

(3141} From the foregoing, it will be appreciated that specific embodiments of the
technology have been described herein for purposes of illustration, but well-known structures
and functions have not been shown or described in detail to avoid unnecessarily obscuring the
description of the embodiments of the technology. Where the context permits, singular or plural

terms may also mclude the plural or singular term, respectively.

0142} Moreover, unless the word "ot i1s expressly himited to mean only a single item
exclusive from the other items in reference to a list of two or more items, then the use of "or" in
such a list is o be interpreted as including {a) any single item in the list, (b) all of the items in
the list, or (¢} any combination of the ifems in the list. Additionally, the term "comprising” 15
used throughout to mean including at least the recited feature(s) such that any greater number of
the same feature and/or additional tvpes of other features are not preciuded. It will also be
appreciated that specific embodimenis have been described herein for purposes of llustration,

but that various modifications may be made without deviating from the technology. Further,
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while advantages associated with certain embodiments of the technology have been described in
the context of those embodiments, other embodiments may also exhibit such advantages, and
not all embodiments need necessarnily exhibit such advantages to fall within the scope of the
technology.  Accordingly, the disclosure and associated technology can encompass other

embodiments not expressly shown or described herein.
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CLAIMS

I'We clainy

1. A device comprising:

a motor having a hollow drive shaft, wherein the motor is configured fo rotate the hollow
drive shaft;

a lead screw nut operably connected to the hollow drive shaft, wherein the lead screw
nut is configured to rotate upon rotation of the hollow drive shaft; and

a lead screw operably connected to the lead screw nut, wherein:
the lead screw is configured io move within the lead screw nut and

the lead screw is configured (o pass through at least part of the hollow drive shaft.
2. The device of claim 1, further comprising a gear box operably connected to the
hollow drive shaft and the lead screw nut, and a rotational force from the hollow drive shaft is

exerted on the lead screw nut via the gear box.

3. The device of claim 2, wherein the gear box comprises at least one of each of a

sun gear, a planetary gear, a planetary carrier, and a ring gear.
4 The device of claim 2, wherein the gear box comprises a gear box having an
opening, and wherein the lead screw is configured to pass through at least part of the opening of

the gear box opening.

3. The device of claim 4, wherein the opening of the gear box is aligned with the

hollow drive shaft,

6. The device of claim 5, wherein the lead screw passes through an entire length of

each of the opening of the gear box and the hollow drive shaft.

7. The device of claim 1, wherein the device 1s incorporated in an autoinjector.
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8. The device of claim 7, further comprising a plunger head driver at a distal end of

the lead screw.

9. The device of claim 8, wherein the plunger head driver is configured to engage a

plunger to dispense a medicament.

10. The device of claim 9, wherein the phunger head driver is configured (o engage
the plunger drive unit upon rotation of the lead screw nut that causes the distal end of the lead

screw 1o move away from the motor.

11 The device of claim 1, wherein the lead screw is configured o pass through an

entire length of the hollow drive shaft.

12. The device of claim 11, wherein the motor has a hollow motor opening aligned
with the hollow drive shafl, and the lead screw is configured to pass through an entire length of

the hollow motor opening.

13. The device of claim 1, wherein the lead screw nut and the lead screw are
configured such that rotational movement of the lead screw mut causes the lead screw to move

linearly substantially orthogonal to a plane of rotation.

14. The device of claim 1. further comprising a controller configurad to send a first
signal and a second signal to the motor, wherein the first signal causes the mwotor to rotate the
hollow drive shatt in a first direction and the second signal causes the motor to rotate the hollow

drive shaft in a second direction.

15. A method comprising:

rotating, by a moior, a hollow drive shaft;

rotating, in response to rotation of the hollow drive shaft, a lead screw nut operably
connected to the hollow drive shaft; and

moving, in response to rotation of the lead screw nut, a lead screw operably connected to
the lead screw nut, wherein the lead screw 1s configured to pass through at least

part of the hollow drive shaft.
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16. The method of claim 15, wherein the rotating of the lead screw nui further
comprises gxerting, from the hollow drive shafl, a rotational force on the lead screw nut via a

gear box operably connected to the hollow drive shaft and the lead screw nut.

17. The method of claim 16, wherein:

the gear box cornprises a hollow gear box opeming,

the moving of the lead screw causes the lead screw to pass through at least part of the
hollow gear box opening, and

the hollow gear box openimg 15 aligned with the hollow drive shaft.

18, The method of claimn 17, wherein the moving of the lead screw causes the lead
screw to pass through an entire length of each of the hollow gear box opening and the hollow

drive shaft.

19, The method of claim 15, further comprising engaging a plunger head driver at a

distal end of the lead screw with a plunger of an autoinjector.

20. The method of claim 19, wherein the engaging of the plunger head driver
comprises rotating the lead screw nut, moving the lead screw such that the distal end of the lead

screw moves away from the motor.

21 The method of claim 15, wherein moving of the lead screw causes the lead screw

1o pass through an entire length of the hollow drive shaft.

22. The method of claim 15, wherein moving of the lead screw causes the lead screw
1o pass throngh an entire length of a hollow motor opening of the motor, and wherein the hollow

motor opening is aligned with the hollow drive shaft.
23. A non-transitory computer readable medium having instructions stored thereon

that, upon execution by a compuiing device, cause the computing device to perform operations

comprising the method of claim 15
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24. An autoinjector device comprising:

a conirotler;

a plunger drive unit;

a motor controlled by the controller;

a hollow drive shaft, wherein the motor is configured to rotate the hollow drive shaft;

a gear box operably connected to the hollow drive shaft,

a lead screw nut operably connected to the gear box, wherein the lead screw nut is
configured {o rotate in response to a rotational force from the hollow drive shaft
exerfed on the lead screw nut via the gear box; and

a lead screw operably connected to the lead screw nut, wherein:
the lead screw is configured to move within the lead screw nut,
the lead screw is configured o pass through at least part of the hollow drive shaft,

and
movement of the lead screw in response to rotation of the lead screw nut is
configured to cause a plunger head driver at a distal end of the lead screw

to engage the plunger drive unit upon to dispense a medicament.
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