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(57) Abrege(suite)/Abstract(continued):

IS provided. The upper hopper defines a bulk storage chamber and the lower hopper defines a dispensing chamber. A rotatable
dispensing disc Is positioned In a lower portion of the dispensing chamber for dispensing medicament from the drug dispensing
device through the lower opening In the lower hopper. A regulator is situated between the bulk storage chamber and the
dispensing chamber for controlling the rate at which medicament moves from the storage chamber to the dispensing chamber.
The regulator may take a variety of forms. In one embodiment, the regulator includes a valve for controlling the flow of medicament
from the storage chamber to the dispensing chamber. The valve may include a member responsive to the volume of medicament in
the dispensing chamber for controlling the position of the valve. The valve and member may include a trap door valve and a float, a
butterfly valve and a rotatable arm, a guillotine valve and a movable arm, and a conical plunger and a wing extending from the base
of the plunger. In another embodiment, the regulator may include a rotatable member having an opening therein. The rotatable
member may include a cylindrical wall having an opening in a portion thereof, a plate having an opening therein, a cup shaped
member defining an opening and a pair of rotatable members which together define at least one opening therein. The regulator
may be configured such that the rate at which medicament moves from the storage chamber to the dispensing chamber Is never
zero. Further, agitating members may be provided which extend toward the upper hopper. Methods of operation are also
disclosed.
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Abstract

A drug dispensing device is comprised of an upper hopper having an upper opening for
receiving a medicament and a lower opening. A lid covers the upper opening. A lower hopper
having an upper opening and a lower opening in a bottom portion thereof is provided. The
upper hopper defines a bulk storage chamber and the lower hopper defines a dispensing
chamber. A rotatable dispensing disc is positioned in a lower portion of the dispensing
chamber for dispensing medicament from the drug dispensing device through the lower
opening in the lower hopper. A regulator is situated between the bulk storage chamber and the
dispensing chamber for controlling the rate at which medicament moves from the storage
chamber to the dispensing chamber. The regulator may take a variety ot forms. In one
embodiment, the regulator includes a valve for controlling the flow of medicament from the
storage chamber to the dispensing chamber. The valve may include a member responsive to the
volume of medicament in the dispensing chamber for controlling the position of the valve. The
valve and member may include a trap door valve and a float, a butterfly valve and a rotatable
arm, a guillotine valve and a movable arm, and a conical plunger and a wing extending from
the base of the plunger. In another embodiment, the regulator may include a rotatable member
having an opening therein. The rotatable member may include a cylindrical wall having an
opening in a portion thereof, a plate having an opening therein, a cup shaped member defining
an opening and a pair of rotatable members which together define at least one opening therein.

The regulator may be configured such that the rate at which medicament moves from the

storage chamber to the dispensing chamber is never zero. Further, agitating members may be

provided which extend toward the upper hopper. Methods of operation are also disclosed.
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DISPENSING DEVICE HAVING A STORAGE CHAMBER, DISPENSING
CHAMBER AND A FEED REGULATOR THERE BETWEEN

[0001] This application 1s a divisional application of Canadian Patent Application

No. 2,495,005, filed August 8, 2003.

 BACKGROUND OF THE INVENTION
[0002] The present invention is directed broadly to storage and dispensing cartridges,
cassettes or cells useful in automated dispensing equipment, particularly for
dispensing equipment used for the dispensing of medicament.
[0003] U.S. Pat. No. 4,111,332 describes a medicament dispensing cell consisting of
a dispensing hopper and slotted disk generally referred to as a hoppe; disk. Each
hopper disk is permanently mounted to a dispensing cell and the hopper is filled with
medicament. The operator must maintain an adequate supply of medicament in the
hopper for dispensing the desired quantity to fill a patient’s prescription. The operator
must also insure the hopper is not overfilled; otherwise the excess medicament will
affect accurate dispensing and could damage the medicament by crushing, grinding or
jamming. |
[0004] U.S. Pat. No. 4,869,394 discloses a dispensing cassette utilizing a dispensing
hopper and slotted disk. Each cassette is filled with a particular medicament and

stored on a cabinet shelf. The operator removes a cassette from the cabinet shelf
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when the desired medicament is needed for a patient’s prescription and places the
cassette on a dispensing unit. The operator programs the dispensing unit with the
desired medicament quantity needed for a particular prescription. The dispensing unit
then operates the cassette for accurately counting the desired medicament. As in the
U.S. Pat. No. 4,111,332 design, the cassette must not be overfilled with medicament
to insure proper operation and accurate dispensing and to avoid damaging the
medicament by crushing, grinding or jamming within the cassette.

[0005] U.S. Pat. No. 6,161,721 discloses an increased capacity hopper for attachment
to a modified dispensing unit. The modified dispensing unit utilizes a motorized rear
platen to agitate and feed medicament from the increased capacity storage hopper to
the dispensing platen. The rotating platen within the storage compartment has radial
“grooves to better agitate the medicament and eliminate jamming. However, this
constant rotation of the grooved platen has a tendency to damage some medicaments
by grinding them together and creating dust and medicament fragments due to the
constant agitation. This embodiment requires an external force to rotate the rear
platen and is not independently adjustable from the dispensing platen so as to
optimize the medicament level within the dispensing compartment.

[0006] A super cell product available from McKesson Automation Systems Inc.
utilizes the slotted dispensing hopper disk of U.S. Pat. No. 4,111,332 and increases
the storage capacity for a dispensing cell or cells mounted in a cabinet. The storage
hopper compartment is mounted onto the dispensing cell and allows medicament to
flow from the storage hopper compartment, through a funnel and into the dispensing
hopper disk.

[0007] There remains a need for an improved dispensing cartridge, which increases
the capacity of the medicament dispensing cartridge, insures the delivery or flow of
medicament from the bulk storage to the dispensing portion of the dispensing
cartridge, while maintaining the proper level of medicament in the dispensing

compartment, that is transportable within a pharmacy.
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'BRIEF SUMMARY OF THE INVENTION
[0008] The present invention is directed to a drug dispensing device comprising an
upper hopper having an upper opening for receiving a medicament and a lower
opening. A lid covers the upper opening. A lower hopper having an upper opening
and a lower opening in a bottom portion thereof is provided. The upper hopper
defines a bulk storage chamber and the lower hopper defines a dispensing chamber.
A rotatable dispensing disc is positioned in a lower portion of the dispensing chamber
for dispensing medicament from the drug dispensing device through the lower

opening in the lower hopper. A regulator 1s situated between the bulk storage
chamber and the dispensing chamber for controlling the rate at which medicament

moves from the storage chamber to the dispensing chamber.

[0009] The regulator may take a variety of forms. In one embodiment, the regulator
includes a valve for controlling the flow of medicament from the storage chamber to
the dispensing chamber. The valve may include a member responsive to the volume
of medicament in the dispensing chamber for controlling the position of the valve.
The valve and member may include a trap door valve and a float, a butterfly valve and

a rotatable arm, a guillotine valve and a movable arm, or a conical plunger and a wing
extending from the base of the plunger.

[0010] In another embodiment, the regulator may include a rotatable member having
an c;pening therein. The rotatable member may include a cylindrical wall having an
opening in a portion thereof, a plate having an opening therein, a cup shaped member
defining an opening and a pair of rotatable members which together define at least
one opening therein.

(0011} The regulator may be configured such that the rate at which medicament
moves from the storage chamber to the dispensing chamber is never zero during

operation. Further, agitating members may be provided which extend toward the

upper hopper.
[0012] The present invention is also directed to a method of storing in a bulk storage
chamber a volume of medicament, dispensing the medicament from a dispensing

chamber, and regulating a rate at which medicament is fed from the storage chamber
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to the dispensing chamber. The dispensing chamber may be made self priming by

- proper design of the regulator used between the two chambers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] For the present invention to be easily understood and readily practiced, the
present invention will now be described, for purposes of illustration and not
limitation, in conjunction with the following figures, wherein:
[0014] FIG. 1 is a front perspective view of a medicament dispensing cabinet;
[0015] FIG. 2A is a left-front perspective view of a medicament dispensing drawer
with the far left dispensing device removed and the lid opened on the far right
dispensimg device;
[0016] FIG. 2B illustrates details of the chute, chute gate, and gate release;
[0017] FIG. 2C 1llustrates details of a display, annunciator and a cell label;
[0018] FIG. 3A is a left-front perspective view of the medicament dispensing drawer
as shown in FIG. 2 with the instructional fascia panel in the open position;
[0019] FIG. 3B is a bottom view of the medicament dispensing drawer of FIG. 2A
with all three dispensing devices and the shell removed;
[0020] FIG. 3C illustrates the motor disc block and cell drop out opening;
[0021] FIG. 4 is a perspective view from the top of one embodiment of the dispensing
device of the present invention with its lid opened;
[0‘022] FIG. 5 is a top view of the dispensing device shown 1n FIG. 4;
[0023] FIG. 6 1s an exploded view of the dispensing device of FIG. 4;
[0024] FIG. 7 is an exploded view of the upper hopper and lid;
[0025] FIG. 8 is an-exploded view of the hopper disc assembly and feed regulator;
10026] FIG. 9A 1is an exploded, perspective view from the top of the feed regulator;
[0027] FIG. 9B 1s an exploded, perspective view from the bottom of the feed
regulator;
[0028) FIG. 9C is a perspective view from the top of the feed regulator:
[0029] FIG. 10 is a cross sectional view of the embodiment of the dispensing device
of FIG. 4; '

[0030] FIG. 11 is a perspective view from the bottom of the dispensing device of
FIG. 4;
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[0031] FIGs. 12A and 12B are exploded perspective and cross sectional views,
respectively, of another embodiment of a dispensing device;

[0032] FIGs. 13A and 13B are a side view and a perspective view, respectively, of the
upper hopper and feed regulator of the dispensing device shown in FIGs. 12A and
12B;

[0033] FIG. 13C illustrates the feed nozzle, trap door valve and float;

[0034] FIG. 13D 1llustrates details of the lid closure;

[0035] FIG. 14 illustrates a butterfly valve which may be used in place of the trap
door valve for purposes of regulating feed between the upper hopper and the lower
hopper; '

[0036] FIG. 15A illustrates an automatic guillotine valve and FIG. 15B illustrates a
manual guillotine valve, respectively, which may be used in place of the trap door
~ valve for purposes of regulating feed between the upper hopper and the lower hopper;
[0037] FIG. 16 illustrates a conical plunger which may be used in place of the trap
door valve for purposes of regulating feed between the upper hopper and the lower
hopper;

10038} FIGs. 17 and 18 illustrate variable sized nozzles comprised of two cylinders
which may be used in place of the trap door valve for purposes of regulating feed

between the upper hopper and the lower hopper;
[0039] FIGs. 19 and 20 illustrate fixed size nozzles formed of a rotating cylindrical

member;

[0040] FIG. 21 illustrates a rotating dose cup which may be used in place of the trap
door valve for purposes of regulating feed between the upper hopper and the lower
hoppef;

[0041] FIG. 22 is a perspective view of the dispensing cabinet of FIG. 1 with the
drawers and doors removed, |

{0042] FIG. 23 is a sectional view of the cabinet taken along the lines III — I1I in FIG.
22;

[0043] FIG. 24 illustrates the detail of the drawer interlink and counter balance
system,;

[0044] FIGs. 25A. and 25B illustrate the rotatable locking arms used to hold the

drawer in the open position;
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[0045] FIG. 26 is a perspective view of the drawer of FIG. 1 with the dispensing
devices removed;

[0046] FIG. 27 is a top view looking down on the drawer of F1G.26;

[0047] FIG. 28 illustrates the details of a locking assembly;

[0048] FIG. 29 is an electrical schematic illustrating the cabinet and drawer
controllers and associated electronics;

[0049] FIG. 30 is a sectional view taken along the lines A — A of FIG. 27;

[0050] FIG.311sa front view of the drawer of FIG. 26;

[0051] FIG. 32 is a sectional view taken along the lines 32 - 32 m FIG. 31;

[0052] FIG. 33 is a sectional view taken along the lines 33 - 33 in FIG. 31;

[0053] FIG. 34 is a right side view of the drawer of FIG. 26;

[0054] FIGs. 35A and 35B illustrate details of an override mechanism for unlocking
drawers in the event of a loss of power or controller failure;

[0055] FIG. 36 illustrates a typical bulk medicament stock bottle and label;

[0056] FIG. 37 illustrates a typical patient prescription label sheet as used by a
pharmacy;

[0057] FIG. 38 illustrates a typical pharmacy layout utilizing a medicament
dispensing cabinet of the present invention,;

[0058] FIG. 39 illustrates a pharmacy computer system and medicament dispensing
cabinets;

[0059] FIG. 40 illustrates a dispensing computer utilizing a cordless bar code scanner
in conjunction with dispensing cabinets and open shelving;

[0060] FIG. 41 illustrates a database which may be used in conjunction with the
pharmacy computer system shown mn FIG. 39;

[0061] FIG. 42 is a high level flow chart illustrating a patient prescription filling

Pprocess;
[0062] FIG. 43 is a flow chart illustrating the user security process shown in FIG. 42;
[0063] FIG. 44 is a flow chart illustrating the secure pick-up procedure shown mn FIG.

42;
[0064] FIG. 45 is a flow chart illustrating the back end verification procedure shown
in FIG. 42, FIG. 45A is a flow chart illustrating a partial fill process, FIG. 45B 1s a
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flow chart illustrating a best fit vial sizing process and FIG. 45C is a flow chart

illustrating a return to stock procedure;

[0065] FIGs. 46A. and 46B 1s a flow chart illustrating the dispensing cell and
dispensing device replenishment function;

[0066] FIG. 47 is a flow chart illustrating a maintenance function; and
[0067] FIG. 48 1s a flow chart illustrating an error message routine.
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DETAILED DESCRIPTION OF THE INVENTION
[0068] FIG. 1 illustrates a front view of a medicament dispensing cabinet 10 i which
- adispensing device 12 of the present invention may be used. The medicament
dispensing cabinet 10 1s comprised of a plurality of dispensing drawers 14 each
containing three dispensing cells 16. Each dispensing cell 16 is comprised of certain
electrical and mechanical components (described below) carried by the drawers 14,
which cooperate with a dispensing device 12. Each dispensing cell 16 and dispensing
device 12 form one type of dispenser although any type of dispenser, such as a Baker
Cell, may be carried by drawers 14. 1t should be apparent to those skilled in the art
that the construction of the medicament dispensing cabinet 10 may be modified to
contain fewer or more dispensing drawers 14 to meet different requirements. Also,
each dispensing drawer 14 may be constructed to contain fewer than three dispensing
cells 16 or more thah three dispensing cells 16. Each medicament dispensing cabinet
10 contains a cabinet controller 18 contained behind a door 19. The cabinet controller
18 is connected to a dispensing computer, filling workstation, embedded controlier, or
other control device by an interface cable 20 or by a radio frequency connection used
in conjunction with a device such as a PDA (not shown in FIG. 1). Whenever the
term "computer", "workstation" or the like is used in this document it should be
broadly construed to mean any appropriate type of control device. Additional
medicament dispensing cabinets 10 may be connected to the dispensing computer or
filling workstation by an interconnect cable 22 connected between successive

medicament dispensing cabinets 10 to form a medicament dispensing cabinet system.

All medicament dispensing cabinets 10 may be controlled by the common dispensing
computer or filling workstation. A storage area 24 is located in the medicament
dispensing cabinet 10 behind a door 25 for storing bulk medicament stock bottles,
alternative removable dispensing devices 12, or other materials or inventory.

[0069] FIG. 2A shows a front-left view of the dispensing drawer 14 (all dispensing
drawers 14 being of a similar construction). In the present embodiment, each
dispensing drawer 14 is comprised of three dispensing cells 16a, 16b, 16¢ and a
drawer controller 46 (see FIG. 3B). Each dispensing cell 16 contains a removable
dispensing device 12 filled with medicament (not shown in FIG. 2A). In FIG. 2A, the

_8-
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removable dispensing device 12 has been removed from the left most dispensing cell
16a while the removable dispensing device 12 in the right most dispensing cell 16¢ 1s
shown in an opened condition (for restocking). Each dispensing drawer 14 may also
comprise an instruction fascia panel 26, a ledge 28 for temporarily holding a
prescription vial 30 or bulk medicament stock bottle (not shown). The dispensing

drawer’s ledge 28 may be used by the pharmacy worker to temporarily place empty or
- full prescription vials 30 while dispensing medicament from another dispensing cell
16 into another prescription vial 30.

[0070] Each dispensing cell 16 includes a chute 32, chute gate 34 and gate release 36,
as shown in FIG. 2B. Each dispensing cell 16 also includes a cell display 38,
annunciators (e.g. LEDs) 40 and a cell label 42 as shown in- FIG. 2C. In the present
embodiment, the cell display 38 consists of three alpha-numeric digits for displaying
information to the pharmacy worker while the dispensing cell 16 is operating. It
should be apparent to those skilled in the art that the cell display 38 may include
additional characters, symbols, pictures, etc. to better communicate with the pharmacy
worker. It should also be apparent to those skilled in the art that the techniques to
display information on the cell display 38 may be varied by the drawer controller in
such a manner as to effectively display more than three characters of information to
the pharmacy worker. The information display techniques may include alternating
between multiple message segments consisting of three characters, scrolling a
message from left to right through the three digits, or changing the intensity of the
display characters while either alternating or scrolling the message.

[0071] The annunciator LEDs 40 provide immediate status information to the

pharmacy worker about the current state of the dispensing cell 16 or dispensing
device 12. In the present embodiment, the dispensing cell 16 comprises three

different annunciators 40 with each annunciator representing a single state when
illuminated. In the present embodiment, the annunciators 40 represent the dispensing
cell states of ‘READY’, ‘MAINTENANCE’ and ‘ERROR’. Multiple annunciators 40
may be illuminated at any moment in time. In the present embodiment, the
annunciators 40 are implemented using independent LEDs. It should be apparent to
those skilled in the art that the annunciators 40 may also be implemented using

incandescent light bulbs integrated into the cell display, or implemented with display

.9 -
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icons on the cell display 38 which may or may not comprise a backlight that may be
provided by various light sources. Likewise, it should be apparent that additional
annunciators 40 may be added to the dispensing cell 16 to present other information to
the pharmacy worker. The cell display 38 and annunciators 40 are connected to and
controlled by the drawer controller 46 (shown in FIG. 29).

[0072] The cell label 42 1s attached to the front of each diSpehsing cell 16 and
provides a visual and a machine readable representation, 1.e., bar code indicia 44, of
the medicament contained in the removable dispensing device 12 of the dispensing
cell 16. In the alterhative, a display that presents a picture of the product, a sample of
the product or a barcode, may be used. The dispensing cell bar code indicia 44
uniquely identifies the dispensing cell 16 to the dispensing computer or other system
components for purposes discussed below. The cell label 42 also contains textual
information representing the medicament in tﬁe removable dispensing device 12.

This textual information identifies the medicament to the pharmacy worker and may
comprise one or more of the following: a drug number (i.e. either a U.S. National
Drug Code (NDC) or Canadian Drug Identification Number (DIN)), a drug name, a
generic drug name, a drug strength and dosage form, a manufacturer and a distributor,
among others, which represents some or all of the same textual information shown on
a bulk medicament stock bottle used to fill dispensing device 12. The cell label 42
may also comprise textual information representing a unique drug identification
number (e.g., NDC or pharmacy generated ID) to create a unique representation for a
medicament that may be supplied under the same drug number but having several
different physical representations due to different manufacturers, size variations, color
variations or imprints, among others. The cell label 42 may further comprise a

photographic image or illustration of the medicament to allow the pharmacy worker a
visual means to verify the medicament dispensed from the removable dispensing -

device 12 and dispensing cell 16.

[0073] The cabinet controller 18 (See FIG. 1) is connected to the drawer controller 46
(See FIG. 3B) located in each drawer 14 by an electrical or optical cable or any

wireless means to communicate instructions and data. The cabinet controller 18
receives instructions from the dispensing computer or filling workstation and

determines the appropriate drawer controller 46 and dispensing cell 16. The

-10 -
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instructions or data are then forwarded to the appropriate drawer controller 46 by the
cabinet controller 18 for further processing. After the drawer controller 46 has
executed the instruction or processed the data, the drawer controller 46 responds to
the cabinet controller 18. The cabinet controller 18 in turn responds to the dispensing
computer or other control device. While the cabinet controller 18 and drawer
controllers 46 are described as separate components, it should be apparent to those
skilled in the art that the cabinet controller 18 and drawer controller 46 may be
combined in various ways, and with functions shifted among them. Additionally,
duplicate components are also intended to be within the scope of the present
invention. For example, each dispensing cell 16 may consist of its own controller
connected to the cabinet controller 18 or directly to the dispensing computer or other
control device.

[0074] FIG. 3A is a left-front perspective view of a dispensing drawer 14 with the
“instruction panel 26 lowered to provide easier access when removing the removable
dispensing devices 12 from the dispensing cell 16. Also, the removable dispensing
device 12 has been removed from the first dispensing cell 16a. Each dispensing cell
16 further comprises a pair of alignment sockets 50 that mate with alignment pins
(discussed below) on the removable dispensing device 12 to properly orient and
center the removable dispensing device 12 onto the dispensing cell 16. Those of
ordinary skill in the art will recognize that other devices for alignment may be used
while remaining within the scope of the invention. A motor drive block 54 (See FIG.
3C) driven by a motor 55 (See FIG. 3B) engages a hopper disk (discussed below)
located within the removable dispénsing device 12 which is rotated to dispensé
medicament from the removable dispensing device 12. The motor drive block may be
allowed to “float” to allow for misalignment. As the motor drive block 54 and hopper
disk rotate, the medicament falls from the dispensing device 12 through a dispensing
cell drop out opening 56 and passes in front of a medicament sensor 57 (See FIG. 3C).
As the medicament passes in front of the medicament sensor 57, the medicament is
counted by the drawer controller 46. The dispensed medicament is temporarily stored
in the dispensing cell’s chute 32 awaiting retrieval by the pharmacy worker.

[0075] Once the medicament is dispensed into the chute 32, the pharmacy worker

may release the medicament into the prescription vial 30 by pressing the gate release

ITH
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36 which will actuate a gate actuator 58 thus opening the chute gate 34 allowing the
medicament to fall into the préscription vial 30. The gate actuator 58 slowly opens
the chute gate 34 to prevent the medicament from spilling over the top of the
prescription vial 30. A gate open sensor 59 provides feedback to the drawer
controller 46 to indicate the current position of the chute gate 34, which may simply
be an 'open' or 'closed’ indication. When the gate release 36 is activated, the drawer
controller 46 will close the chute gate 34 by operating the gate actuator 58 until the
gate open sensor 59 indicates the chute gate 34 has returmed to the closed position.
The chute gate 34 may be composed of a flexible maternial to seal the lower end of the
chute 32 to prevent any medicament from escaping while being dispensed from the
removable dispensing device 12. The flexible gate material prevents very small
medicaments from escaping from the chute 32 while being dispensed. In the present
embodiment, the gate actuator 58 may be comprised of a motor and cam which lifts
the chute gate 34. It should be apparent to those skilled in the art that .other nieans
may be used to lift or slowly open the chute gate 34, to thereby open the lower end of
the chute 32 to allow medicament to fall from the chute 32 into an awaiting
prescription vial 30 or other container. For example, an electric solenoid may be
used to open the chute gate 34. The electric solenoid could have either a Iinear or
rotary motion when actuated. .
[0076] Referring to FIG. 3A, the interior surface of the instruction panel 26 comprises
tabs and slots for the pharmacy worker to insert a medicament lot card 60 to record
the medicament 62 provided by stock bottle 64 and contained in the removable
dispensing device 12. A pharmacy worléer, inventory clerk, or pharmacist, among
others, may record date, time, worker initials and other comments while performing
routine maintenance on each dispensing cell 16 or removable dispensing device 12.
The medicament specific information (e.g. lot number and expiration date) from the
bulk medicament stock bottle 64 may also be recorded by the workets.

[0077] The dispensing cell 16 further comprises a dispensing device switch 66 (see
also FIG. 29) which is actuated when the removable dispensing device 12 is inserted
and its lid 68 is in the closed position. The lid 68 of the removable dispensing device
12 contains a tab 70 that mechanically actuates the switch 66. Likewise, the tab 70

will de-activate the switch 66 when either the lid 68 is opened or the removable

-12 -
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dispensing device 12 1s removed from the dispensing cell 16. It should be apparent to
those skilled in the art that the switch 66 and tab 70 may be implemented in other
ways so as to provide information as to the state of the removable dispensing device
12 being inserted into the dispensing cell 16 or the lid 68 being in the open position.
For example, an optical or magnetic sensor could replace the mechanical switch 66
shown in the present embodiment to detect when the removable dispensing device 12
is inserted or its lid 68 is in the open position. |

[0078] One embodiment of a dispensing device 12 will now be described in
conjunction with FIGs. 4 through 11. In FIG. 4, the dispensing device 12 is shown as
being comprised of an upper hopper 80 and a lower hopper 82. Positioned between
the upper hopper 80 and lower hopper 82 is a regulator (not visible in FIG. 4),
sometimes referred to as a feed regulator, as will be described in detail below. FIG. 5
is a top view of the embodiment of the dispensing device illustrated in FIG. 4 while
FIG. 11 is a bottom view of the dispensing device 12 illustrated 1n FIG. 4. FIG. 6 1S
an exploded view of the dispensing device 12 illustrated in FIG. 4. FIG. 7 1s an
exploded view of the upper hopper 80 and lid 68 and FIG. 10 is a cross-sectional view
of the dispensing device 12 illustrated in FIG. 4.

{0079] Turning now to FIGs. 6, 7 and 10, it will be seen that the upper hopper 80 may
be comprised of two components, an upper component 84 and a lower component 86
which, when combined define an upper hopper chamber 88. The upper hopper 80 has
an upper opening 90, which may be opened or closed depending upon the position of
the 1id 68, and a lower opening 92. The upper component 84 and the lid 68 may
cooperate such that when the lid 68 is opened, a chute is formed to enable easy filling
of the upper chamber 88. The upper hopper chamber 88 is sized to form a bulk
storage area for storing a plurality of medicament and may have a volume on the
order of 280 drams. The specific components used to form the upper hopper 80 are
not important. The significance of the upper hopper 80 is to form the upper chamber
88 which 1s used for bulk storage of medicament.

[0080] In FIG. 6, it is seen that the lower hopper 82 is comprised of an upper platform
94 and a lower platform 96 for containing the various other components comprising
the lower hopper 82. Those components include a lower hopper shell 98 having an

upper opening 95 and a lower opening 97. Positioned within lower opening 97 1s a
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rofating dispensing disc 100. The lower hopper shell 98 defines a dispensing chamber
99 (see FIG. 10) which defines the capacity of the lower hopper 82. The dispensing
disc 100 1s rotatable and has a plurality of grooves 101 formed therein, seen partially
in FIG. 6 and FIG. iO. The lower hopper shell 98 and dispensing disc 100 are
connected as shown in FIG. 8 to form a hopper disc assembly 102.

[0081] A feed regulator 105, which in this embodiment is contained within but 1s not
a part of lower hopper 82, 1s positioned between the upper chamber 88 and dispensing
chamber 99 defined by the lower hopper shell 98 as will be described. It should be
noted, however, that although the feed regulator in this embodiment is contained
within lower hopper 82, in other embodiments, the feed regulator may extend from
the bottom of upper hopper 80, or may be a separate component interposed between
upper hopper 80 and lower hopper 82. The purpose of the feed regulator 1s to regulate
the rate at which medicament passes from uppef hopper 80 into the dispensing
chamber 99 defined by the lower hopper shell 98, and to insure a minimum
continuous flow between upper hopper 80 and dispensing chamber 99, assuming
capacity is available in the dispensing chamber 99 which is more likely the case
during operation. Also, the specific components used to form the lower hopper 82 are
not important. The significance of the lower hopper is to form the dispensing
chamber 99 proximate to the dispensing disc 100.

[0082] In FIG. 6, it will be seen that the lower hopper shell 98 together with the upper
platform 94 define an upper opening 103 into chamber 99. Lower platform 96 defines
a lower opening 104 through which medicament dispensed by dispensing disc 100

may exit dispensing device 12.

[0083] The regulator 105 of the present embodiment is perhaps best seen in FIGs. 9A,
9B and 9C, which are vdrious views of the components of the regulator 105, while the
relationship between the components of the regulator 105 and the lower hopper shell
98 and dispensing disc 100 are perhaps best seen in FIGs. 8 and 10.

[0084] As seen in the aforementioned figures, the regulator 105 is comprised of a
cup-shaped member 106 defining a metering section 108. A connecting collar 110
extends from the bottom of the cup-shaped member 106, although other forms of
connection may be used. The connecting collar 110 is designed for connection to the

rotating disc 100 as shown in FIG. 8. When the connecting collar 110 is connected to
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the rotating disc 100, the cup-shaped member 106 (which grips the sides of feed
regulator 105 and may also have a detent 113 on collar 110 that fits into a notch 111)
rotates with the dispensing disc 100.

[0085] A bottom 112 of the metering section 108, seen best in FIG. 9A, is a flat
member having a plurality of openings 114 of various sizes formed therein . The
various sized openings 114 are provided to enable metering or feeding of various
sized medicaments. A selection plate 116 having a selection opening 118 is sized to
fit within cup-shaped member 106 and cover all of the openings 114 except for one of
the openings 114. A plurality of tabs 120 (see FIG. 9B) extending from the bottom of
selection plate 116 cooperate with an opening 122 (see FIG. 9A) positioned in the
center of cup-shaped member 106 to hold the selection plate 116 firmly in the bottom
of the metering section 108. A plurality of recesses or holes 124 (see FIG. 9B)
formed in the bottom of selection plate 116 cooperate with raised portions or pins 126
(see FIG. 9A) in the metering section 108 to maintain the selection opening 118 in the
proper orientation with respect to the selected one of the plurality of openings 114.
When the desired opening 114 is selected by lining up the selection opening 118 with
the selected one of the plurality of openings 114, the selection plate 116 1s snapped
into position. In that manner, dispensing device 12 can be tailored to dispense
medicaments of differing sizes by simply choosing the proper alignment of the
selection opening 118 with the desired one of the plurality of openings 114. The
upper surface of the selection plate 116 may carry a plurality of stirring devices 128

(see FIG. 9A) which, in the current embodiment, are raised portions or bubble-like
structures.

[0086] Assembly of the dispensing device 12 is a matter of lining up the various
components and snapping them together. The selection plate 116 is inserted nto
cup-shaped member 106. The feed regulator 105 is positioned within lower hopper
shell 98 and connected to dispensing disc 100. Those components are inserted
between upper platform 94 and lower platform 96, which may be designed with tabs
to enable them to be held together with a snap fif, and aligning tabs in the upper
hopper 80 with slots in the upper platform 94 to enable the upper hopper 80 to be

snapped onto lower hopper 82 thus enabling the entire device 12 to be easily and
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readily assembled, as will be described in greater detail in conjunction with another
embodiment of the present invention.

[0087] Turning now to FIG. 11, the lower platform 96 may be seen as the device 12 is
viewed from the bottom. The lower opening 104 may be partially covered by a
barrier strip 140. Barnier strip 140 permits one medicament to fall through opening
104 from one groove 101 at a time. A socket 142 1s designed to receive motor drive
block 54 (see FIG. 3C) to enable rotary motion to be imparted to the dispensing disc
100. The provision of the barrier strip 140 and the imparting of rotary motion to
socket 142 are known in the art as illustrated, for example, by U.S. Patent No.
4,869,394 '

[0088] The bottom of lower platform 96 also contains alignment pins 144 which
cooperate with alignment sockets 50 (see FIG. 3C) for properly aligning the
dispensing device 12 within the dispensing cell 16. Finally, the bottom of the
dispensing device 12 may carry machine-readable indicia 146. In this document,
whenever reference is made to machine-readable indicia or a bar code, any type of
identification mechanism appropriate under the circumstances can be employed such
as, for example, radio frequency (RF) tagging of the dispensing devices 12 or, in the
case of a user, RF tagging, retinal scanning, scanning finger prints, etc. would all be
appropriate identification mechanisms.

[0089] Another embodiment of a dispensing device 12' constructed according to the
teachings of the présent invention 1s 1llustrated in FIGs. 12 and 13. In FIGs. 12 and
13, components identical in construction and operation to those previously i1dentified
are provided with the same reference numerals. In FIG. 12A, the dispensing device
12' is comprised of an upper hopper 150 and lid 152 of a similar function, but
somewhat different construction, as the upper hopper 80 and lid 68, respectively. The
dispensing device 12' is also comprised of an upper platform 94 and lower platform
96 which contain the lower hopper shell 98 and dispensing disc 100 as previously
described.

[0090] Medicament stored in the upper chamber 88 is fed by gravity through a feed
nozzle 154 into the dispensing chamber 99. A feed regulator 156 restricts the flow of

medicament through the nozzle 154 into the dispensing chamber 99 to maintain an

optimum medicament quantity level for dispensing by the slotted disc 100. The feed
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regulator 156 1s comprised of a trap door valve 158 pivotally connected to nozzle 154,
and further connected to a float 160.

~ [0091] The float 160 is oriented within the hopper disk 102 where the majority of the
- medicament concentrates as the dispensing device 12' operates. As the hopper disk
102 rotates mn the direction shown by arrow 162, the medicament migrates to the outer
edge of the hopper disk 102 and is pulled upward by the slotted dispensing disk 100
and into the vicinity of the float 160. The leading edge of the float 160 is designed to
direct the medicament flow undemeath the float 160 to thereby allow float 160 to
“ride on” the medicament. The level of medicament in dispensing chamber 99
determines the position of float 160.

[0092] As the medicament level in the dispensing hopper disk decreases, the float 160
is lowered which opens the valve 158, allowing medicament from the upper chamber
88 to flow through the feed nozzle 154 and into the dispensing chamber 99. The
valve 158 opens as a result of gravity and the weight of the medicament. As the
medicament level rises, the float 160 also rises forcing the valve 158 toward its closed
position. '

[0093] The valve 158 may be designed so that a portion of the feed nozzle 154 is
never closed by the valve 158 as indicated by numeral 164 and referred to as the feed
regulator primer (See FIG. 13C). The feed regulator primer 164 allows medicament
to flow imto the dispensing chamber 99 when the upper hopper chamber 88 is initially
ﬁll)ed with medicament. A probe 155, responsive to the valve 158, may be provided
for agitating the medicament as the valve 158 moves up and down.

[0094] Another mechanism to allow a small amount of medicament to continuously

flow into the dispensing chamber 99 as the hopper disc assembly 102 operates is to
remove a portion 166 of the feed nozzle 154 as shown in FIG. 12A, 13B, and 13C.
[0095] Because of the pivot connection between valve 158 and feed nozzle 154, there
is a natural tendency for the valve 158 to remain open under the influence of gravity.
The valve 158 1s closed by the medicament randomly becoming stacked and layered
between the regulator float 160 and disk 99 as the medicament rotates inside the
hopper disk assembly 102. |
[0096] The preferred embodiments disclose a dispensing device which eliminates the
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