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body and an opening; a transport member in fluid communication with the
reservoir; and a lid enclosing the opening of the reservoir. The lid is in fluid
communication with the transport member. The lid comprises a rigid micro-
fluidic delivery member. The rigid microfluidic delivery member includes a
die and electrical traces that are in electrical communication with the die,
wherein the electrical traces terminate at electrical contacts, wherein the elec-
trical traces are disposed on only one plane. The die has a fluid chamber in
fluid communication with the transport member at an inlet of the fluid cham-
ber and with an orifice at an outlet of the fluid chamber.
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MICROFLUIDIC DELIVERY SYSTEM FOR RELEASING FLUID COMPOSITIONS

FIELD
The present disclosure generally relates to a syster for delivering a fluid composition
into the air, and, more particularly, relates to a microfluidic delivery system, inchiding a
microfluidic delivery refill for delivering fluid compositions through thermal activation of the

fluid composition, such as perfume cormpositions, nto the air, for example.

BACKGROUND

Various systeros exist to deliver volatile compositions, such as perfume compositions,
into the air by an energized (L.e. electrically/battery powered) microfluidic atomization. Recent
atternpts have been made to deliver scenis using thermally activated microfhndic delivery
systerus, and, particularly, thermal mkjet systems.  Some of these atteropls are directed to
printing ink-based scented fluids onto a subsirate or surface medium using methods similar to
those for printing ink onto a substrate or surface.

Thermal inkjet technology utilizes a replaceable cartridge that contains fluid and a micro-
electro-mechanical system ("MEMS”) based print head that controls the release of the thud fror
the cartridge. Some cartridges for printing fluid onto a substrate include a flexible circuit to
provide electrical communication between the cartridge and the dispensing device. In order to
locate the substrate to be printed in close proximity with the inkjet cartridge, the electrical
connections on the inkjet cartridge must be positioned away from the subsirate, As a result, the
electrical connections on the flexible circuit may be disposed on a different plane as an orifice
where the ink is released from the mkiet cartridge. Thus, when inserting & new inkjet cartridge
into the privter, the inkiet cartridge needs to be connected with the printer relative to at least two
plancs. This may causc limitations in the design of the printer and the access to the inkjet
cartridge, as well as increase the complexity of replacing the inkjet cartridge. Moreover, some
flexible circuit structures are relatively comphicated to manufacture and to attach to a cartridge of
a complex shape.

Further, the flexible circuit structures may be made of expensive matorials such as
polyimide. In addition, the flexibility of the circuit board may have poor electrical connection
between the inkjet cartridge and the printer. This 1s due to the fact that the connection pounts of

the tlexible circuit structure may oxidize over time, especially in the presence of certain chemical
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vapors, causing the electrical connection between the inkjet cartridge and the printer fo be
dimmished.

As a result, it would be beneficial to provide a microflnidic delivery system for delivering
a thud composition into the air that uses relatively inexpensive circuit boards that are also easy to
manufacture. Moreover, it would be beneficial to provide a microfluidic delivery system that
provides for strong and reliable electrical connection between the refill and the microtluidie
delivery system. In addition, it would he beneficial to provide a nucrofluidic delivery system and

refill that are relatively simple to replace.

SUMMARY

Aspects of the present disclosure include a microftuidic delivery refill comprising a
reservoir having a holow body and an opening; a transport member i fluid communication with
the reservoir; and a lid enclosing the opening of the reservoir. The hid s in fluid communication
with the transport meraber. The Hd comprises a vigid microfhudic delivery member.  The
microfluidic delivery member comprises a dic and eclectrical fraces that are in olectrical
communication with the die. The electnical traces termunate at electrical contacts. The electrical
traces are disposed on ouly one plane.  The die comprises a fluid chamber o fluid
communication with the fransport member at an inlet of the fluid chamber and an orifice at an
outlet of the fluid chamber.

Aspects of the present disclosure include a thermally activated microfluidic delivery
systern comprising a housing and a refill releasably connectable with the housing. The vefill
comprises a reservoir having a hollow body and an opening and a lid enclosing the opening of
the reservoir, The lid comprises a rigid microfluidic delivery member. The microfluidic delivery
member comprises a die and electrical traces that are in electrical communication with the die.
The electrical traces terminaie at eloctrical contacts. The electrical traces are disposed on only
one plane. The housing defines an interior and an exterior of the microtluidic delivery system.
The housing comprises a holder member disposed n the interior space of the housing. The fluid
delivery refill is slideably connects with the holder meember.

Aspects of the present disclosure mclude a method of refilling a thermally activated
microfluidic delivery system with a refill, wherein the refili comprises reservoir having a hollow
body and an opening, a hid enclosing the opeming of the reservoir. The lid comprises a
microfluidic delivery member having a dic and electrical traces that are in clectrical

communication with the die. The clectrical traces terminate at electrical contacts. The electrical
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iraces are disposed on only one plane. The method comprising the steps of: providing a housing
that defines an interior and an exterior, wherein the housing compriscs a holder member disposed
in the mterior of the housing; and shiding the thud delivery refill into the holder meraber i a

direction parallel with the planc the electrical traces are disposed on.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic, perspective view of a microfludic delivery systen

Fig. 2 is a perspective view of a holder member and a refill of a microfluidic delivery

Fig. 3 is a perspective view of a refill,

Fig. 4 is a perspective view of g microfluidic delivery member.

Fig. 5 is a perspective view of a cylindrical-shaped reservoir of a refiil

Fig. 6 15 a perspective view of a cube-shaped reservoir of a refill.

Fig. 7A is a sectional view of the refill of Fig. 3 taken along line TA-TA.

Fig. 78 is a detailed view of portion 7B of Fig. 7A.

Fig. 8 is a front, elevation view of a transport member of a refill.

Fig. 9 is a perspective view of a lid of a refill.

Fig. 10 is a3 schematic, side clevation view of 3 refill having a microfluidic delivery
member integral with a lid of the refill.

Fig. 11 1s a schematic top, plan view of die of a microfhuidic delivery member,

Fig, 12 is a sectional view of the die of Fig. 11 taken along line 12-12.

Fig. 13 is a detailed view of portion 13 of Fig, 12,

Fig. 14 1s a schematic, side clevation view of a microfluidic delivery member and a
portion of a holder member,

Fig. 15 is a schematic, side clevation view of a nucrefluidic delivery momber and a
portion of a holder member.

Fig. 16 is a schematic, side elevation view of a microtluidic delivery member and a
portion of a holder member,

Fig. 17 1s a sectional view of the microfluidic delivery member of Fig. 4 taken along line

7-17.

[

Fig. 18 is a perspective view of a printed circait board, having an outer covering the

printed circuit board removed to show the internal details.
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Fig. 19 15 a perspective view of a printed circuit board, having portions removed to show
details of the electrical connechons.
Fig. 20 1s a schematic, side elevation view of a microfluidic delivery system having a
refill with a flat, horizontally oriented top wall of a lid.
5 Fig. 21 is a schematic, perspective view of a refill having a microfluidic delivery member
connected with a side wall of a hid.
Fig. 22 18 a schematic, side clevation view of a nucrofluidic delivery system having a
refill disposed at an angle.
Fig. 23 is a schematic, perspective view of a refill having a 1id with an angled top wall,
10 Fig. 24 is a schematic, side elevation view of a microfluidic delivery system having a
refill with an angled top wall of a lid.
Fig. 25 is a schematic, perspective view of a refill having a mucrofiuidic delivery member
disposed at an angle relative to a top wall of s id.

Fig. 26 is a schematic, perspective view of a refill that s configured to dehiver a flud

Pt
wh

composition to a dic in a direction parallel with the force of gravity.

Fig. 27 is a schematic, side elevation view of a microtluidic delivery system having a
refill that is configured to deliver a thud composition o a die in a direction parallel with the force
of gravity.

Fig. 28 is a schematic, side elevation view of a microfluidic delivery system configured
20 with battery-power.

Fig. 29 is a pewspective view of a dic showing the fluid channel, fluid chambers, and

orifices of the die.

(=]

Fig. 30 is a detailed view of portion 30 of the die of Fig. 29.

Fig. 31 is a detailed view of portion 31 of the dic of Fig. 30.

25
DETAILED DESCRIPTION
Various non-limiting configurations of the present disclosure will now be deseribed to
provide an overall understanding of the principles of the structure, function, manufacture, and use
of the microtluidic delivery systems for delivering fluid compositions into the air disclosed
30 hercin. One or more examples of these non-limiting configurations are illustrated in the

accompanying drawings. Those of ordinary skill in the art will understand that the microfluidic
delivery systems described herein and illustrated in the accompanying drawings are non-limiting

example configurations and that the scope of the various non-limiting embodiments of the

SUBSTITUTE SHEET (RULE 26)



10

[
wh

Lad

P

(¥4

WO 2015/195993 PCT/US2015/036547

Lh

present disclosure are defined solely by the claims. The features iHustrated or described in
connection with one non-himating configuration may be combined with the features of other non-
limiting configurations. Such modifications and variations are mtended to be mcluded within the
scope of the present disclosure,

The present disclosure inchudes a microthuidic delivery system for delivering a fluid
composition into the air. For example, the microfhudic delivery systern may be used to deliver a
perfume composition into the atr. The mucrofluidic delivery systemn comprises a housing
defining an interior and an exierior of the microfluidic delivery system and a holder member
disposed in the interior of the microfluidic delivery systern. The microfhndic delivery system
inctudes a refill that is roleasably connectable with the holder member of the housing, The
microfiuidic delivery system aiso includes a power source. The refill is configured to thermally
activate a fluid composition to release the fluid composition into the air,

The refill of the preacnt disclosure includes a reacrvoir for holding a thud composition, a
fransport member that i3 i fhad cormmumication with the reservorr, and a lid that encloses the
apening of the reservoir. The lid comprises a rigid microtluidic delivery member for delivering
the fhnd composition into the air. The microfhudic delivery member inchudes a nmucrofluidic die.
The term “roicrofluidic die”, as used herein means a die corprising a thuid mjection system made
using a semiconductor micro fabrication process such as thin film deposition, passivation,
etching, spinning, sputtering, masking, epitaxy growth, wafer/wafer bonding, micro thin-film
lamination, curing, dicing, etc. These processes are known in the art to make MEMs devices.
Microfluidic dies may be made from silicon, glass, or a muxture thereof. The microfluidic die
comprises a plurality of microfluidic chambers, cach comprising 8 corresponding actuation
element: a heating ¢lement or an electromechanical actuator. In this way, the microfluidic die’s
tfluid injection system may be micro thermal nucleation {e.g via heating clement) or micro
mechanical actuation (c.g. via thin film piezoelectric or ultrasonics). One type of microfluidic
die sutfable for the microfluidic delivery system of the present invention is an integrated

membrane of nozzles obtained via MEMs technwology as described in ULS. 2010/0154790,

D

1. In the case of thin film piezo, the

e N o
FOFN AT
SOTHANK

assigned o SThicroct
piczoelectric material is typically applied via spinning and/or sputtering processes. The
semiconductor micro fabrication process allows one to simultaneously make one or thousands of
MEMS devices 1o one batch process (a batch process comprises of multiple mask layers). The
microfluidic delivery member includes a die having a fluid chamber with an inlet and an outlet.

The inlet of the fluid chamber is in fluid communication with the transport member and the outlet
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of the fhuid chamber is in fluid communication with an orifice.  The microfhndic delivery
member also comprises clectrical leads that terminate at electrical contacts to provide electrical
communication from the power source of the nucrofluidic delivery system fo the dic of the
microfluidic delivery member. The clectrical leads are disposed on only one plane. The
electrical contacts and the die may be disposed on substantially parallel planes, and, in some
excmplary configurations, the electrical contacts and the dic may be disposed on the same plane.
The orifice of the dic may open m a direction that 1s perpendicular to the plane the electrical
leads are disposed upon.

The refill may be slideably connectable with the housing. The refill may be inserted into
the microfhuidic delivery system by sliding the refill mto the holder member in a direction
paraliel with the plane the electrical fraces are disposed on. A wall of the holder member may
comprise clectrical contacts that are configured to connect with the electrical contacts of the
refill. The electrical contacts of the refill may have a top surface that connects to the electrical
contacts of the hoider member,

In operation, the fluid composition fravels from the reservoir, into the transport member,
and nto the die. In the die, the tluid composition travels into the fhud chamber and is heated in
order to volatilize a portion of the tluid composition, producing a vapor bubble that causes a
dropiet of fluid composition to be released through the orifice of the die. The droplet of fluid
composition is released from the refill and exits through the aperture of the housing into the air.

{nce the fluid composition is depleted from the refill, the refill may be removed from the
housing and a new refill may be connected with the housing of the microfluidic delivery system,
In other exemplary configurations, the refill may be refilled with additional fluid composition
once the fluid composttion 1s depleted.

The microthudic delivery merber may be configured as a separate component that s
attached with the lid, or may be integrally formed with the Hd. In an exemplary configuration
wherein the microfluidic delivery member is a separate clement, the microfhudic delivery
member may be configured i the form of a cireuit board that ncludes the die and the electrical
contacts. The circuit board reay be comprised of a rigid material to provide a robust mechanical
interface between clectrical contacts on the circuit board and clectrical contacts on the holder
member. In such an exemplary configuration, the circuit board may be connected with the
exterior of the hd. In other exemplary configurations, the microfluidic delivery member may be

integrally formed with the ld. In such an exemplary configuration, the Hd may be composed of a
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rigid material to provide a strong electrical connection with the clectrical contacts on the holder
member.

While the present disclosure discusses the use of a microtluidic delvery systom for
delivering perfume compositions into the air, it is to be appreciated that the microtiuidic delivery
5 system of the present disclosure may be used to delivery various other tluid compositions into the
atr.,  For cxample, the microthudic delivery systern may be used to deliver cosmetic
compasitions, lotion compositions, cleaning compositions, and various other compositions for

use in any industry.
As shown in Figs. 1 and 2, a microfluidic delivery systern 100 comprises a housing 102
10 defining an interior 104 and an exferior 106 of the microfluidic delivery system 100, The
housing 102 may mnclude a holder member 110 disposed in the interior 104 of the microfluidic
delivery sysiem 100, The housing 102 may comprise a door 118 for accessing the inferior 104 of
the microfhndic delivery system 100, The holder member 110 mcludes an aperture 126, The

holder member 110 also mcludes clectrical contacts 124,

Pt
wh

The nucrofluidic delivery system 100 also includes a refill 108 that is releasably
comncetable with the holder meraber 110, The refill 108 may use thermal heating to release a
tluid composition contained within the refill 108 into the air. The refill 108 may be releasably
connectable with the housing 102. The housing 102 includes an aperture 118 for delivering a
fluid composition from the refill 108 into the air at the exterior 106 of the microfluidic delivery
20 systemn 100, The aperture 126 of the holder member 110 and the aperture 118 of the housing 102
are aligned. The microfhudic delivery systera 100 also includes a power source 120 that s in
electrical communication with the elecirical contacts 124 of the holder member 110,

In some exemplary configurations, as shown i Fig. 2, the refill 108 is slideably

connectable with the holder member 116, The refill 108 may be releasably connected or

25 slideably connected with the holder member 110} in various ways. For example, the refill 108
may be comnected with the holder member 110 using a lock and key system to minimize the
hikelihood that an improper refill s used in the microfluidic delivery system 100,

As shown in Fig. 3, the refill 108 includes a reservoir 130 for holding a thud composition
122, a transport member 132 that is in thuid communication with the reservoir 130, and a lid 134
30 that encloses the reservoir 130, The lid 134 comprises a rigid microfluidic delivery member 136

for delivering the fluid composition 122 contained within the reservoir 130 into the air,
With reference to Figs. 3 and 4, the microfluidic delivery member 136 includes a die 140

and clectrical leads 142 that provide clectrical communication from the power source of the
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microfhuidic delivery system o the dic 140 of the microfluidic delivery member 136, The
electrical leads 142 of the microthudic delivery mermber 136 comprise electrical contacts 144
disposed at an end portion of the clectrical leads 142 most distant from the dic 140, With
referonce to Figs. Z and 4, the clectrical contacts 144 of the microfluidic delivery member 136 are

5 inelectrical communication with the electrical contacts 124 of the holder member 124,
With refercance o Fig. 5, the reservoir 130 1s configured as a hollow body for countaining a
fluid composition therein.  The reservotr 130 mav include one or more adjoining walls 150, a
base 152 connected with the walls 150, and an opening 154 opposite the base 152, The reservoir
130 may be configured in various different shapes. For example, the reservoir 130 may have a
10 cvhmdrical shape as shown in Fig. 5, or may have a cube-like shape as shown in Fig. 6. The
reservoir 130 may comprise various materials, including glass or rigid polymeric materials such
as polyester or polypropylene. The reservoir 130 may be configured to have various different
dimensions. For example, the reservoir 130 may have a height Hy of from about 20 mm to about
60 mm, and the base 152 may have a width Wy of from about 15 mm to about 40 mm.  Tho
15 reservoir may be transparent, transfucent, or opaque. In some exemplary contigurations, a single
microfhudic delivery system roay be configured to receive refills 108 having various different

size reservoirs 130 for containing different amounts of fluid conposition.

With reference to Figs. 3 and 7A, in some cxemplary configurations, the transport
member 132 is a porous structure that provides capillary forces to draw the fluid composition 122
0 from the reservoir 130 and to the microfhuidic delivery member 136, The transport member 132
may define a first end portion 160, a sceond end portion 162, and a central portion 164 scparating
the first and second end portions 160 and 162, The first end portion 160 of the transport member
132 1s 1 flud communication with the fluid composttion 122 and the second end portion 162 1s
n flutd communication with the dic 140, The second end portion 162 of the transport member
132 may extend at least partially outside the reservoir 130, The first end portion 160 may bo in
fhuid communication with the base 152 of the reservoir 130 in order to deliver flumid composition
to the die 140 even when the level of flind composition i the reservoir 138 1s low. In some
excmplary configurations, the transport member 132 may be completely surrounded by the walls
150 of the reservoir 130, Depending upon the configuration of the microfhuidic delivery system
100, the fluid composition 122 may travel up or down the transport member 132, In some
exemplary configurations, the fluid composition 122 travels up the transport mernber, o

opposition fo gravity,
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In other cxemplary configurations, the transport member 132 may be configured to
dehiver fluid composition to the die n other ways. For example, the fransport member 132 may
comprise a mechanical pump to transport the tluid composition fror the reservoir 130 to the die
140, In other exemplary configurations, the transport member 132 may comprise a sponge. The
transport member 132 may be configured with a spring to provide pressure to the sponge to feed
the fhad composition to the dic 140, In other exemplary configurations, the refill 108 may be
pressurized, using aerosol or a bag-in-bottle technology for example, to feed the fluid
compasition to the die 140,

The transport member 132 may be configured to have varions different shapes, For
example, the transport member 132 may have a cylindrical as shown in Fig, &8, or an clongate
cube shape, The transport member 132 may be defined by a height Hy a length Ly, and a width
Wy The transport member 132 may have various heights, For example, the height Hy of the
fransport member 132 may be m the range of about | mm to about 100 ym, or from about 5 yam
to about 75 mm, or from about 10 mm to about 50 mm. The transport member 132 may have
various lengths. For example, the length Ly of the transport member 132 may be in the range of
about 15 yom to about 55 mm. The transport member 132 may have various widths. For
example, the width Wy of the transport member 132 may be 1o the range of about 3 mum to about
{0 mm.

The transport member 132 may be composed of various materials, such as polymer fibers
or particles. Exemplary polymers used for the transport member include polyethylene, wlira-high
molecular weight polyethelene (UBMW), nylon 6 (N6), polypropylene (PP}, polyester fibers,
ethvl vinyl acetate, polyether suifone, polyvinylidene fluoride (PVDF}, and polyethersulfone
(PES), polytetraflurocthylene (PTFE), and combinations thereof. The transport member 132 may
alternatively be composed of other matersals such as fibrous or particulate metals, and fibrous
carbon.

In some exemplary configurations, the transport member 132 is free of a polyurethane
foam. Many ink jet refill cartridges use aun open cell polyurethane foam which can be
mncompatible with some fluid compositions, such as perfume compositions, over ime {e.g. afier 2
or 3 months}) and can break down.

In exemplary configurations where capillary transport is used to deliver fluid composition
to the die 140, the transport member may exhibit an effective pore size. The transport member
132 may exhibit an average effective pore size from about 10 microns to about 500 microns,

alternatively from about 50 microns to about 150 microns, alternatively about 70 microns. The
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average pore volume of the transport member 132 is from about 15% to about &5%, alicrnatively
from about 25% to about 50%, or about 38%,.

In some exemplary configurations, such as when the flud composition comprises a
perfume composition, the transport member may be configured with a high density composition
to aid in contaming the scent of the pertume composition. In one embodiment, the transport
member 1s made from a plastic material chosen from high-density polyethylene (HDPE). As
used herein, a high density transport member may nclude various roaterials having a pore
diameter or equivalent pore diameter {¢.g. in the case of fiber based wicks) ranging from about
20 microns to about 150 microns, alternatively from about 30 microns to about 70 mucrons,
alternatively from about 30 microns to about 30 microns, alternatively, about 40 microns to about
50 microns.

As shown in Figs. 3 and 7A, the lid 134 is connected with, and provides an enclosure to,
the reservowr 130, The lid 134 may be configured in various ways., The Hd 134 may be rigid.
The Iid 134 may be composed of various materials, inclading a solid polymeric material such as
polyoster or polypropylene. The lid 134 may connect with the reservoir 130 in various ways.
For example, the lid 134 may be threaded onto the reservoir 130 or may snap onto the reservoir
130 using various types of fasteners. In some exemplary configurations, the lid 134 and the
reservoir 130 may be integrally formed. In some exemplary configurations, the id 134 may be
releasably connectable with the reservoir 130, While, in other exemplary configurations, the lid
134 may be permanently or semi-permanently connected with the reservoir 130,

As shown io Figs. 74 and 9, the lid 134 may comprise a fill port 138 to fill the reservorr
130 with fluid composition. As such, the refill 108 may be filled with fluid composition either
with the lid 134 connected with the reservoir 130, or with the lid 134 removed from the reservoir
130,

In some exemplary configurations, the lid 134 may comprise a vent port 146 so that air is
able to replace the fluid composition which is released from the refill 108, The vent port 146
may be 1o fhnd communication with a vent channel 148 i the lid 134 that directs the air imto the
reservoir 130 through a vent port 137 in the microfluidic dehivery member 136,

As shown in Fig. 7A, the id 134 may comprise an adapter 170 that conneets the transport
member 132 with the lid 134, The adapter 170 may be integrally tormed with the id 134, or the
adapter may be a separate component that is connected with an inner surface 139 of the lid 134,
The adapter 170 may be composed of the same material as the lid 134, or may be composed of a

ditferent material.  The adapter 170 may be composed of various materials. For example, the
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adapter 170 may be composed of a rigid polymer such as polyester or polypropviene. An
excrnplary adapter is described m UL.S. Patent Apphcation titled "MICROFLUIDIC DELIVERY
SYSTEM”, Attorney Docket No. 13414, filed on June 18, 2014

As shown in Fig. 7A, the lid 134 includes an aperture 149 to provide fluid communication
between the transport member 132 and the die 140.

As shown i Fig. 7A, the refill 108 may also comprise a filter 158 to prevent particles
from entering the die 140 and clogging the fluid passages. The filter 158 may be positioned
between the transport member 132 and lid 134, The filter 158 may be configured as a porous
structure having interstitial spaces that allow the fluid composition to pass easily, but block
particles of a certain size from enfering the die 140, For example, the filter 158 may block
particles that have g dimension greater than about one-third the size of the smallest fluid passage
in the die 140, In some exemplary configurations, the filter 158 is connected with the lid 134
such that the fluid composition passes from the transport member 132, through the filter 15§,
through the aperture 149 n the hid 134, and to the dic 140, The filter 158 may be attached with
the hid 134 using an adhesive, such as an epoxy adhesive, for example. If is to be appreciated that
the transport member 132 may also act as a filter, depending upon the size of the particles
passing through the transport member 132 and the configuration of the transport member 132,

As discussed above and as shown in Fig. 4, the fid 134 comprises a rigid microthuidic
delivery member 136, In some exemplary configurations, as shown in Fig. 4, the rigid
microfluidic delivery moember 136 may be configured as a separate component that is connected
with the outer surface 135 of the id 134, In other exemplary configurations, as shown in Fig,
10, the rigid microfluidic delivery member 136 may be configured as an integral component of
the hd 134 and may be disposed on the outer surface 135 of the lid 134,

The nucrofhudic delivery member 136 includes a die 140 and clectrical leads 142
connected with the dic 140 that terminate at electrical contacts 144, As shown in Figs. 11 and
12, the die 140 comprises a fluid channel 156 that is in fluid communication with one or more
fhind chambers 180, Each thud chamber 180 has one or more adjoining walls 182, an inlet 184,
and an outlet 186, The inlet 184 of cach fluid chamber 180 15 in fluid commumication with the
fluid channel 156 of the dic 140 and the outlet 186 of cach fluid chamber 180 is m fluid
communication with an orifice 190 of a nozzle plate 138, The fluid chambers 180 may be
configured to have various different shapes.

Still referring to Figs. 11 and 12, the dic 140 also comprises a nozzle plate 188

comprising one or more orifices 190, In some exemplary configurations, cach orifice 190 may
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be in fluid communication with the outlet 186 of a single fhuid chamber 180 such that the Hluid
composition travels from the fhiud chamber 180, through the orifice 190 of the nozzle plate 18§
n fluid communication with the fluid chamber 180, and into the air. The nozzle plate 188 may
be configured in various different ways. For example, the nozzle may have a thickness Ly of
about 10 microns to about 30 microns, or about 20 microns to about 38 microns. The nozzle
plate 188 may be composed of various materials. The nozzle plate 188 may be composed of a
dry film or liguid photoresist material.  Excmplary materials include rigid dry photoresist
material such as TMMF, available from Tokyo Ohka Kogyo Co, Lid of Japan, TMMR, SU-8
and AZ4562,

3

in some exemplary configurations, the nozzle plate 188 may comprise at least 5 orifices,
at least 10 orifices, or at least 20 orifices, or from about 5 to about 30 orifices. The orifices 190
may be configured to have various different shapes. For example, the orifices 190 may be round,
square, triangular, or oval. The orifices 190 may be configured to have vanous different widths
Wo. The width Wo may be in the range of about 15 microns to about 30 microns. It is to be
appreciated that the geometry of the tluid chamber 180 and nozzle plate 188 combine to define
the geometry of a drop of fluid composition that is released from the refill 108,

In soroe exemplary contigurations, as shown in Fig. 4, the orifices 190 open in a direction
that is perpendicular to, or substantially perpendicular to, the planc that the electrical leads 142
are disposed upon. In some exemplary configurations, the orifices 190 may open at various other
angles relative to the plane that the electrical leads 142 are disposed upon.

As shown i Fig, 4, the clectrical contacts 144 and the die 140 ray be separated by a
distance D\, The distance I may be in the range of about 5 mm to about 30 mm, or about 15
mm to about 30 my. It is to be appreciated that the distance 1 allows enough separation
between the die 140 and the electrical contacts 144 to prevent the clectrical contacts 144 from
being contamunated with fluid composition that is released from the refill 108, Moreover,
minimizing the distance D) minimizes the size of the refill 108 while maimtaining the die 140 and
the clectrical contacts 144 disposed on substantially the same plane. Minimizing the size of the
refill 108 can decrease the cost of the refill 108,

With reference to Figs. 4 and 13, in some exemplary configurations, the clectrical leads
142 are disposed on only one plane. When the electrical leads 142 are disposed on only one
plane, a rigid and inexpensive material may be used for the microtluidic delivery rmember 136,
This is in contrast fo g typical inkget cartridge that has the electrical leads that are disposed on at

least two different planes. In addition, the manufacture of a rigid microfluidic delivery member
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136 having the clectrical leads 142 disposed on only one plane is relatively simple as compared

with a flexible member of a typical mkjet refill that is L-shaped in order o separate the clectrical
contacts and thud orifice that are located on two differont planes.

In some cxemplary configurations, as shown in Figs. 14-16, the olectrical contacts 144

5  and the die 140 are disposed on substantially parallel planes. As used herein, “substantially

paraliel planes” means that the plancs are parallel within 0 — 10 degrees, or, alternatively, within

) — 5 degrees. In some exemplary configurations, the clectrical contacts 144 and the dic 140 are

disposed on the same planc. In such an cxemplary configuration, the microfluidic delivery

member 136 may be composed of a rigid material that is relatively inexpensive and easy to

10 manufacture. Moreover, in such an exemplary configuration, the retill may be configured fo

slideably engage with the holder member,
In some exemplary configurations, such as shown in Fig. 15, the die and the electrical
contacts may be located on opposite outer surfaces of the microfluidic delivery member, Tn such

an exemplary configuration, the nucrofludic delivery member 136 may be composed of a rigid

(¥4

material that is relatively mexpensive and easy fo manufacture. Moreover, in such an exemplary
configuration, the refill may be configured to slideably engage with the holder member.

With refercnce to Figs. 13 and 17, the die 140 may be comprised of a support substrate
200, conductive layers 202, and one or more polymer lavers 204 that detine the walls 182 of the
fluid chamber 180, The support substrate 200 provides a supporting structure to the conductive
0 and polymer layers 202 and 204, and defines the inlet 184 of the fluid chamber 180, The support
substrate 200 roay be comprised of various materials, such as silicon or glass, The conductive
favers 202 are disposed on the support substrate 200, forming clectrical traces 206 with high
conductivity and heaters 208 with fower conductivity. Other semi-conductive, conductive, and
insulative materials may be deposited to form switching circuits fo control electrical signals. A
heater 208 may be associated with cach fluid chamber 180 of the die 140, The polymer layers
204 are disposed on the conductive layers 202 and define the walls 182 of the fluid chamber 188
and the outlet 186 of the tluid chamber 1806, The nozzie plate 188 of the die 140 1s disposed on
the polymer layers 204,

As discussed above, in some exemplary configurations, the nucrofluidic delivery member
0 136, including the die 140 and electrical components, is configured as a separate component that
is connected with the hid 134, As shown in Figs. 3 and 4, in such an exemplary configuration, the
microfluidic delivery member 136 may take the form of a printed circuit board 210. The printed

cireuit board 210 may be a rigid structure,
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As shown in Fig. 18, the printed circuit board 218 may include a base substrate 212 that is
composed of a rigid material such as a fiberglass-epoxy composite substrate material.  The
printer circutt board 210 may also include conductive layers on top and/or bottorn surfaces of the
printer circuit board 210, The conductive layers include the electrical leads 142 and electrical
contacts 144 and may be composed of a metal material such as copper.

With reference to Fig. 19, the die 140 may be attached fo the printed civcuit board 210
through the use of adhesive, such as an epoxy adhesive. The electrical connection from the die
140 to the printed circuit board 210 may be cstablished by a wire bonding process, where small
wires 220 are thermally attached to bond pads 222 on the die 140 and to corresponding bond
pads 224 on the printed circuit board 210, The small wires 220 may be composed of gold or
aluminum, for cxample. An encapsulant maierial 226, such as an ¢poxy conpound, may be
applied to the bonded arcas between the wires 220 and the bond pads 222 and 224 1o protect the
delicate connections from mechanical damage and other environmental effects.

The conductive layers are arranged into conductive paths through an ctching process.
The conductive paths are protected from mechanical damage and other environmental effects in
most areas of the printed circuit board 210 by a photo-curable polymer layer 204, often referred
to in the mdustry as a soldermask layer. In selected arcas, such as the thud composition tlow
paths and bond pads 222 and 224, the conductive copper paths may be protected by an inert
metal coating such as gold. Other material choices could be tin, silver, or other low reactivity,
high conductivity metals.

The wnert metal coating i the fluid paths protects the printed cireutt board 210 from
potential damage from the fluid composition. Since it is necessary for the thuid composition to
pass through the printed circuit board 210 to the die 140, the fhuid composition may cause
degradation of more reactive metals such as copper, or metal fons or products of metal-fluid
chemical reactions could degrade the fluid composition without the use of the inert metal coating.
Further, since the base substrate 212 could be susceptible to migration of the fluid composition,
the mert metal coatings of the tfhud How paths contain the fluid composition within the desired
flow path,

As shown in Fig. 19, the printed circuit board 210 may have various thicknesses Tpeg.
The thickness Tpep of the printed cireuit board 210 may be between about #.8mm and about
i 6ram thick. Printed civcuit boards 210 may have conductive layers on one or both sides, or, the
printed circuit board can be constructed in layers to incorporate four or more conductive layers.

In printed circuit boards 210, connectivity between conductive layers is achieved by holes or
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slots which have been clad in metal through an electroplating process. Such holes or slols are
ofien termed vias. In some exemplary configurations, the rigid printed circuit board 210 18 of the
two-layer type, with a plated slot 230 located under the dic 140, The plated slot 230 forms the
fuid path to the die 140, and the metal plating forms an impermeable barrier,

As shown in Fig. 10, in other exemplary configurations, the microfluidic delivery
member 136 may be integrally formed with the Iid 134, In such a configuration, the die 140,
clectrical leads 142, and electrical contacts 144 are connecied direetly with the lid 134, mstead of
being attached to the lid 134 as a separate component. In such an exenplary configuration, the
rigid material of the Hd 134 helps to provide strong electrical connection between the refill 108
and the holder meraber 110,

With reference to Figs, 7A, 7B, and 13, the fluid composition travels in a fluid path from
the reservoir 130, through the transport member 132, through the filter 158, through the aperture
149 in the hd 134, into the dic 140, and into the air. The refill 108 functions by balancing
capillary effects m the die 140 and the transport member 132, 1t s to be appreciated that the die
140 has the smallest fluid passages in the fluid path, and, therefore, can produce the highest
capillary pressures i the fhud path. Converscly, the transport member 132 1s configured to have
a Jower capillary pressure than the dic 140 such that the tluid composition preferentially flows
from the transport member 132 to the die 140. The transport member 132 may be selected fo
have a relatively small porosity and high capillary pressure to aid in the process of priming the
refill 108, as will be discussed in more detail below. However, in order to maintain priming of
the refill 108, i 1s to be appreciated that the gauge pressure of the fhud composition (with respect
io the surroundings) at the die 140 and at the transport member 132, taking info account the
highest hydrostatic column pressure from the die 140 to the free surface of the fhuid composition,
cannot be less than the maxiraum capillary pressure capable of being sustained at the orifices.

The transport member 132 provides a fhuid pressure at the die 140 that is slightly below
atmospheric pressure. The fhud pressure at the die 140 is measured as the hydrostatic column
pressure measured from the interface of the transport mwember 132 and the die 140 to the free
surface of the fluid composition in which the transport member 132 is partially tomersed.
Having the fluid composition within the dic 140 slightly below atmospheric pressure prevents the
tluid composition from flowing out of the orifices 190 under the influence of hydrostatic pressure
ot interfacial wetting.

The holder member 110 may be configured in various ways, For cxample, as shown in

Figs. 1 and 2, the holder member 110 may comprise a top wall 112, a bottom wall 114 opposing
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the top wall 112, and/or a side wall 116 extending between the top and bottom walls 112 and
P14, In other exemplary configurations, as shown in Fig. 20, the holder member 10 may
mchude one or more side walls 116 and a bottom wall 114, The side wall or walls 116 and
bottom wall 114 may be infegrally formed.

5 The microttuidic delivery member 136 may be disposed in various locations on the fid
134 of the refill 108, For example, as shown in Fig. 7A, the microflaidic delivery member 136
may he disposed on a top wall 141 of the lid 134, In other cxemplary configurations, such as
shown in Fig. 21, the microfluidic delivery member may be disposed on a side wall 143 of the lid
134,

10 The lid may be configured 1n various different ways. For example, In some exeraplary
configurations, such as shown in Fig. 3, the top wall 141 of the hd 134 may be arranged in a
substantially flat and horizontal orientation. In such an exemplary configuration, the microfluidic
delivery member 136 may be disposed in a substantially flat and horizontal orentation. Tn such

an exemplary configuration, the fluid composition may release m an upward direction at an angle

(¥4

§ that s about 90 degrees relative to horizontal.

In some exemplary configurations, such as shown in Fig. 22, the refill 108 may be
disposed at an angle 6 in the housing 102 such that the thuid composition releases at an angle
between zero degroes and 90 degrees from horizontal. In other cxemplary configurations, such
as shown in Figs. 23 and 24, the wall of the lid 134 that the microfluidic delivery meniber is
0 disposed on, shown as the top wall 141 of the 1id 134 in Figs. 23 and 24 for exemplary purposes
ondy, may be angled, and, thus, the nucrofluidic delivery member 136 may be disposed at an
angle. In such an exemplary configurstion, the fluid composition may release at an angle 8
between zero and 90 degrees relative to horizontal. In other exemplary configurations, such as
shown in Fig, 25, the hid 134 may be flat and substantially horizontally oriented, while the
microfluidic delivery member 136 may be disposed at an angle relative to the wall of the lid 134
that the microfluidic delivery member 136 is disposed on, shown as the top wall 141 of the lid
134 for exemplary purposes only. In such an excmplary configuration, the flaid composition
may release at an angle 6 between zero and 90 degrees relative to horizontal,

The fluid composition may be released at various angles from the microfluidic delivery
0 system. In some exemplary configarations, it may be desired to release the fluid composition in
a direction that is between zero and 90 degrees from horizontal.  For example, the fluid
composition may be released in a direction that is between about 40 degrees and about 75

degrees from horizontal. Without wishing to be bound by theory, it is believed that releasing the
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fluid composition in a direction that is between about 40 and about 75 degrees from hortzontal
mimimizes the amount of fluid composition that falls onto the housing 102 and/or onto a swrface
such as a table or floor. That 15, releasing the fluid composition at an angle of 90 degrees from
horizontal may result in deposition of a portion of the fluid composition onto the microfiuidic
delivery system. Likewise, releasing the fluid composition at an angle of zero degrees from
horizontal may result in deposition of a portion of the tluid composition onto the surtace below,
such as a floor, countertop, or table.

While it is shown in Figs. 3 and 7A that the transport member 132 may transport the fluid
composition up, against the force of gravity, it is to be appreciated that in some exemplary
configurations, such as shown in Figs, 26 and 27, the retill 108 may be configured such that the
tluid composition is fed to the dic 140 m the same direction as the force of gravity acting on the
fluid composition. In such an exemplary configuration, the refill 108 may comprise & porous
structure to control the release ot fhud composition from the die 140

As discussed above, the microthudic delivery systera 100 includes a power source 120,
The microftuidic delivery system 100 may be powered by an AC outlet, as shown Fig. 1. Ur, in
other exemplary configurations, the microtluidic delivery system 100 may be powered by
battery-power 121 as shown in Fig. 28, In such an exemplary configuration, the battery-power

121 may be recharcheable using a power source 120

Priming the Refill

As previously mentioned, the refill 108 of the microftuidic delivery system 100 is priroed
before msorting the rofill 108 into the housing 102, The refil] 108 is primed by removing any air
from the transport member 132, the aperture 149, the filter 15, the lid 134, the slot 230 of the
printed cireuit board 210 (if present) and the die 140, In some exemplary configurations, the
nozzles may be sealed after priming to prevent de-priming of the refill 108 or evaporative loss of
the fhud composition prior to the refill 108 being mserted into the housing of the microfluidic

delivery system 100,

Operation of the Microfluidic Delivery System

As previously mentioned, the microfhuidic delivery system 100 may deliver a fluid
composition 122 from the refill 108 using thormal heating, With reference to Figs. 1, 3, 74, 10,
and 13, in operation, fluid composition 122 contained within the reservoir 130 wicks up the

transport member 132 toward the lid 134 using capillary force. After passing through the second
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end portion 162 of the transport member 132, the fhuid composition 122 travels through the filter
158, if present, through the aperture 149 m the hid 134, and nlo the die 140, As shown in Fig
29-31, the fluid composition 122 travels through the fluid channel 156 and ndo the mlet 184 of
cach fluid chamber 180, The fluid composition 122, which is comprised in part by a volatile
component, travels through each fluid chamber 180 to the heater 208 of each fluid chamber 180,
It i to be appreciated that portions of the die 140 in Fig. 31 are removed to more clearly lustrate
movement of a droplet of thud composition through the die 140.

As shown in Fig. 31, the heater 208 vaporizes at least a portion of the volatile components
n the fluid composition 122, causing a vapor bubble form. The vapor bubble forces a droplat of
tluid composition 122 through the orifice 190 of the nozzle plate 188, Next, the vapor bubble
collapses and causes the droplet of fluid composition 122 to break away and release from the
orifice 190, The droplet of fluid composition travels through the aperture 126 in the holder
member 110, through the apernire 118 in the housing 102, and mio the air. Fluid composition
122 then refills the fluid chamber 180 and the process may be repeated to relcase additional
droplets of fiuid composition 122.

The timing between releases of droplets of fluid composition 122 from the microfhudic
delivery system may be varied.  The flow rate of fluid composition released from the
microfluidic delivery system 100 may be varied. For example, the microfluidic delivery system
100 may be configured to deliver a tluid composition 122, such as a perfume composition, to
rooms of various sizes. As such, the flow rate may be adjusted to account for the size of the
roorm, Moreover, in the case of a perfume composition, the flow rate may be adjusted depending
upon the user’s preference in scont intensity, In some exemplary configurations, the tlow rate of
fluid composition 122 released from the refill 108 may be in the range of about 5 to about 48

mg/hour.

Refilline the System

Once a refill 108 1s spent of fluid composition, the spent refill 108 may be removed from
the holder member 110 of the housing 102 and a new refill 108 may be mserted into the housing
102. In some exemplary configurations, the refill 108 is inserted into the housing 102 in a
direction that is parallel with the plane that the electnical leads are disposed upon. With reference
to Fig. 1, in some exemplary configurations, the refill 108 is inserted into the housing i a
direction that is normal to the firing direction of the microfiuidic delivery member 136 and

paraliel to the plane that the die 140 and electrical contacts 144 upon.
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In some exemplary configurations, the refill 10¥ is inserted and removed from the holder
member 110 of the housing by sliding the refill 108 relative to the holder member 116, With
reference to Figs. 1 and 2, in some exemplary configurations, the refill 108 may slide into the
housing in a left-to-right or right-to-left motion. With reference to Figs. 26 and 27, in other
exemplary configurations, the refill 108 may slide nto the housing in an upward or downward
motion. For example, with reference to Fig. 2, in some exemplary configurations, the refill 108
18 connected with the housing by shding the refill 108 into the holder member 110 such that the
reservoir 130 of the refill 108 connects with the bottom and side walls 114 and 116 of the holder
member 110 and the Hd 134 of the refill 108 connects with the top wall 112 of the holder
member 110, As shown m Fig, 27, in some exemplary configurations, the refill 108 may provide
a continuous outer surface to the housing 102, In such an exemplary configuration, the housing
102 may not comprise a door.

It 1s to be appreciated that the refill 108 may be connected with the holder member 110 m
various ways. For example, the refill 108 may be spring-loaded with the holder member 110,
and, may have a release bution to release the refill 108 from the holder member 110, In other
exermnplary configurations, the refill 108 may engage with a fastener to secure the refill 108 into
the holder member 110.

When the clectrical contacts 144 arc arranged paraliel with the direction of insertion of
the refill 10¥, the engagement of the electrical contacts 124 of the holder member 110 with the
electrical contacts 144 on the refill 108 may cause abrasion to the elecirical contacts 144 of the
refill 108, which can remove oxides and other contanmuinants from the surfaces of the electrical
contacts 144, As a result, the quality of electrical connection between the refill 108 and the
housing 102 may be improved or maintained over time. Morcover, the rnigidity of the
microfhuidic delivery member 136 provides a relatively strong clectrical connection between the

refill 108 and the housing 102.

Fan

In some exemplary configurations, the microfluidic delivery systern may comprise a fan
to assist in driving room-fill and to help avoid deposition of larger droplets from landing on
surrounding surfaces that could damage the surface. The fan may be any known fan, such as a
SV 25 x 25 x 5 yvom DC axial fan (Series 250, Type235N from EBMPAPST), used in the art for
atr freshening systems that delivers 1-1000 cubic centimeters of aiv/minute, aliernatively 10-100

cubic centimeters/minute.

SUBSTITUTE SHEET (RULE 26)



1

[
wh

Lad

Y

wh

WO 2015/195993 PCT/US2015/036547

o
ey

SERSOTS

In some exemplary configurations, the microthudic delivery system may include
commercially available scnsors that respond to cnvironmental stinwh such as light, noise,
motion, and/or odor levels in the air. For example, the microfluidic delivery system can be
progranned to turn on when it senses Hght, and/or to turn oft when it senses no light.  In
another example, the microfluidic delivery system can turn on when the sensor senscs a person
moving into the vicinity of the sensor. Sensors may also be used to monitor the odor levels in the
air, The odor sensor can be used to tum-on the microfloidic delivery system, increase the heat or
fan speed, and/or step-up the delivery of the flwid composition from the microfluidic delivery
system when it is needed.

The sensor may alse be used to measure fluid levels in the reservoir or count firing of the
heating elements (o indicate the refill’s end-of-life in advance of depletion. In such case, an LED
light may tum on to indicate the refili needs to be filled or replaced with a new refill.

The sensors may be integral with the housing or in a romote location (i.e. physically
separated from the delivery system housing) such as remote computer or mobile smart
device/phone. The sensors may communicate with the delivery system rersotely via low energy
blue tooth, 6 low pan radios or any other means of wirclessly comnwnicating with a device

and/or a controlier (e.g. smart phone or computer).

Fluid composition

The fluid composition of the present disclosure may exhibit a viscosity at 20°C of less
than 20 centipoise {"eps”), alternatively less than 18 cps, aliernatvely less than 16 ¢ps,
alternatively from about 5 cps to about 16 ops, alternatively about 8 cps to about 15 ¢ps. And,
the volatile compesition may have surface tensions below about 33, alternatively from: about 20
to about 30 dynes per centimeter. Viscosity i in cps, as determined using the Bohlin CVQ
Rheometer system in conjunction with a high sensitivity double gap geometry.

In some emboduments, the fluid composition is free of suspended solids or solid particles
existing in a mixture wherein particulate matter is dispersed within a liquid matrix. Free of
suspended solids is distinguishable from dissolved solids that are characteristic of some perfume
materials,

The fluid composition of the present invention comprises a perfume composition present

in an amount greater than about 50%, by weight of the fluid composition, aliernatively greater
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than about 60%, alternatively greater than about 70%, alternatively greater than about 75%,

alternatively greater than about 80%, alternatively from about 50% to about 100%, aliernatively

from about 60% to about 100%, altermatively from about 70% to about 100%, alternatively from

about 80% to about 100%, alternatively from about 90% to about 100%. In some embodiments,
5 the fluid composition may consist entirely of the perfume composition {i.e. 100 wt. %),

The perfme composition may contain one or more perfurme materials.  The perfirme
materials are selected based on the matenial’s bothng pomt ("B.P.").  The B.P. referred to herein
is measured under normal standard pressure of 760 mm Hg. The BP. of many perfume
ngredients, at standard 760 nun Hg can be found in "Perfume and Flavor Chemicals (Aroma

10 Chemicals),” writien and published by Steffen Arctander, 1969,
In the present invention, the porfume composition may have a B.P. of less than 250°C,
alternatively less than 225°C, altematively lfess than 200°C, alternatively less than about 130°C,
alternatively less than about 120°C, aliernatively less than about 100°C, alternatively about 56°C

{0 about 200°C, alternatively about 110°C to about 140°C. Table 1 lists some non-hmiting,

15 excmplary individual perfume materials suitable for the perfume composition of the present
mvention.
Table 1

CAS Namber  |Perfome Raw Material Name B.P.(°Ch

105-37-3 Ethyl propionate 99

110-19-0 Isobutyl acetate 116

928-96-1 Beta garoma hexenol 157

80-56-8 Alpha Pioenc 157

127-61.3 Beta Pinene 166

1708-82-3 cis-hexenyl acetate 169

124-13-0 {Octanal 170

470-82-6 Eucalyptol 173

141-78-6 Ethyl acetate 77

Table 2 shows an exemplary perfurme composition having a total B.P. less than 200°C

20
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Table 2

CAS Number Perfume Raw Material Name Wt % B.ELO)
123-68-2 Allyl Caproate 2.50 {85
140-11-4 Benzyl Acetate 3.00 214
928-86-1 Beta Gamma Hexenol 8.00 157
18479.58-8 Dihydro Myrcenol 5.60 198
39255-32-8 Ethyl 2 Methyl Pentanoate 9.060 157
77-83-8 Ethyl Methvi Phenyl Glycidate 2.60 260
7452.79-1 Ethyl-2-Methyl Butyrate 8.6¢ 132
142-92-7 Hexyl Acetate 12.50 146
6R514-75-6 Orange Phase Oil 25X118%-Low Cit. | 10.00 177

{4638
93-58-3 Methyl Benzoate {150 260
104-93-8 Para Cresyl Methy! Ether {120 176
1191-16-8 Prenyi Acetate 8.00 145
&8-41-5 Verdox 3.00 223
58430-94-7 Iso Nonyl Acetate 27.36 225

TOTAL: 160.00

When formulating fluid compositions for the present invention, one may also include
solvents, diluents, extenders, fixatives, thickeners, or the like, Non-limiting examples of these
materials are ethyl alcohol, carbitol, disthylene glycol, dipropylene glycol, diethyl phthalate,
triethyl citrate, isopropyl myristate, ethyl cellulose, and benzyl benzoate,

In some embodiments, the thud composifion may contain functional perfume componenis
(“FPCs”). FPCs are a class of perfume raw matenals with evaporation properties that are similar
to traditional organic solvents or volatile organic compounds ("VOCs™). “VOCs", as used
herein, means volatile organic compounds that have a vapor pressure of greater than 0.2 mm Hg
measured at 20°C and aid in perfume evaporation. Exemplary VOUs include the following
organic solvents: dipropylene glycol methyl ether (*DPM”), 3-methoxy-3-methyl-1-butanol
(“MMB"), volatile silicone oil, and dipropylene glycol esters of methyl, ethyl, propyl, butyl,
ethylene glycol methvl cther, ethylene glycol ethyl cther, dicthylene glycol methyl cther,
dicthylene glycol ethyl ether, or any VOC under the tradename of Dowanol™ glycol cther.
VOCs are commonly used at levels greater than 20% in a fluid composition to aid in perfume

evaporation,
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The FPCs of the present invention aid in the evaporation of perfume maierials and may
provide a hedonic, fragrance benefit. FPCs may be used i relatively large concentrations
without negatively trupacting perfume character of the overall composition. As such, in some
crbodiments, the fluid composition of the present mvention may be substantially free of VOUs,
meaning it has no more than 18%, alternatively no more than 6%, alternatively no more than 5%,
aliernatively no more than 1%, alternatively no more than 0.5%, by weight of the composition, of
VOCs. The volatile composition, in some embodiments, may be free of VOCs.

Perfume materials that are suitable as a FPC may have a K, as defined above, from about
8§00 to about 1500, alternatively about 900 to about 1200, altematively about 1000 to about 1100,
alternatively about 1000,

Exemplary perfume compositions are disclosed, for example, in U.S. Patent Application
No. 14/024,673, Attorney Docket No, 12593, titled “INK JET DELIVERY SYSTEM
COMPRISING AN IMPORVED PERFUME MIXTURE”.

The diroensions and values disclosed herein are not to be understood as heing strictly
limited to the exact numerical values recited.  Instead, unless otherwise specified, each such
dimension is intended to mean both the recited valoe and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” 5 intended to mean
“about 40 mm.”

Every document cited herein, including any cross referenced or related patent or
application and any patent application or patent to which this application claims prionity or
benefit thereof, is hereby incorporated herein by reference fn its enfirety unless expressly
excluded or otherwise imited. The citation of any document is not an admission that if is prior
art with respect fo any mvention disclosed or claimed herein or that i alone, or 1n any
combination with any other reference or references, teaches, suggests or discloses any such
invention. Further, to the extent that any meaning or definifion of a term in this document
conflicts with any meaning or definition of the same term in a document incorporated by
reference, the meaning or definition assigued to that term in this document shall govern.

While particular embodiments of the present invention have been ilustrated and
described, # would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the nvention. It is
therefore intended to cover in the appended clairos all such changes and modifications that are

within the scope of this invention,
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CLAIMS

What is claimed is:

A microthndic delivery refill comprising:

[—

a reservoir having a hollow body and an opening;

a transport member 1o fluid communication with the reservoir;

a lid enclosing the opening of the reservoir, wherein the lid 1s in fluid communication
with the transport member, wherein the lid comprises a rigid microfluidic delivery member,
preferably a fiberglass-epoxy composite microfhuidic delivery member, having a die and
electrical traces that are in electrical conumnunication with the die, wherein the electrical traces
terminate at ¢lectrical contacts, wherein the electrical traces are disposed on only one plane, the
die comprising a fluid chamber in fluid communication with the fransport member at an infet of

the fluid chamber and an onfice at an outlet of the thiid chamber,

The refill according to Claim 1, wherein the clectrical contacts are spaced a distance from

2

L

mm to 30 mm from the die.

3. The refill according to Claim 1, wherein the rigid microtluidic delivery member

comprises a rieid circuil board, wherein the rigid circuit board is connected with the lid.
o K fuv]

4. The refill according to Claim |, wherein the clectrical contacts and the die are disposed

on substantially paraliel planes,

3. The refill according to Claim 1, wherein the rigid circuit board has a thickness from 0.8

mmic 1.6 mm.

. The refill according to Claim 1, wherein the reservoir containg a fhud composition,

wherein the fluid composition comprises a perfume composition.

i
i

The refill according to Claim 1, wherein the orifice opens in a direction that is

substantially perpendicular to the die and electrical contacts,
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8. A thermally activated microfluidic delivery system comprising a housing and a refill
releasably connectable with the housing, wherein the refill comprises:
a reservoir having a hollow body and an opening;

a lid enclosing the opening of the reservoir, the lid corprising a rigid microftuidic
delivery member having a die and electrical traces that are in electrical communication with the
die, wherein the electrical traces terovinate at electrical contacts, wherein the clectrical traces are
disposed on only one plase,

wherein the housing defines an interior and an exterior of the microfluidic delivery
system, wherein the housing comprises a holder member disposed in the interior space of the

I

housing, wherein the fluid delivery refill is slideably connectable with the holder member.

10, The system according to Claim 8, wherein the electrical contacts are spaced a distance

from § mum to 30 mun from the die,

il.  The systom according to Claim &, wherein the rigid microfluidic defivery member has a

thickness frorn 0.8 mm o 1.6 mm.

{2, The system according to Claim 8, wherein the reservoir is configured fo contain a fiuid

composition, wherein the fhiid composition comprises a perfume composition.

13, The systera according to Claim §, wherein the electrical contacts and the die are disposed

on substantially paraliel planes,

i4, A racthod of refilling a thermally activated microfluidic delivery svstem with a refill,
wherein the refill comprises reserveir having a hollow body and an opening, a lid enclosing the
opening of the reservoir, wherein the lid comprises a microfluidic delivery member having a die
and electrical traces that are in electrical commumication with the die, wherein the electrical
fraces termunate at electrical contacts, wherein the electrical traces are disposed on only one
plane, the method comprising the steps of!

providing a housing that defines an interior and an exterior, wherein the housing
comprises a holder member disposed in the interior of the housing; and

sliding the refill into the holder member in a direction parallel with the plane the clectrical

traces are disposed on.
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15, The method according to Claim 14, wheremn the electrical contacts ave spaced a distance

from 5 mm to 30 mm from the die.

16.  The method according to Claim 14, wherein the microfluidic delivery member has a

thickness from 0.8 mm to 1.6 mm.

17.  The method according to Claim 14, whercin the reservoir is configured to contain a tluid

composition, wherein the fluid composition comprises a perfume composition.

{8, The method according to Clamm 14, wherein the electrical contacts and the die are

disposed on substantially paraliel planes.

19 A nucrofludic delivery refill compuising:

a reservoir having a hollow body and an opening;

a transport mernber in fhud communication with the reservoir;

a lid enclosing the opening of the reservoir, wherein the hid s 1o fluid communication
with the transport member, wherein the Hd comprises a rigid nucrofluidic delivery member
having a die and electrical traces that are in electrical communication with the die, wherein the
electrical traces terminate at electrical contacts, wherein the electrical contacts and the die are
disposed on substantially parallel planes, the die comprising a fluid chamber in fhad
communication with the transport member at an infet of the fluid chamber and an orifice at an

outlet of the fluid chamber.

28, A method of activating a microfluidic delivery refill, wherein the microftuidic delivery
refill comprises a rescrvoir enclosing a thiid composttion, a microfluidic delivery member
adapted to deliver the fhad composition that is 1o fhnd communication with the reservoir, retill
clectrical contacts m clectrical commmunication with the microfluidic delivery mersber, and one or
more cngagement members secured to the microftuidic delivery refill, the method comprising:
constraining the microftuidic delivery refill within a holder member of a microfluidic
delivery systemn with the one ot more engagement members, wherein the microftuidic delivery

member is configured to be aligned with an aperture of the microfluidic delivery system, and
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wherein the one or more engagement members i3 configurad to interact with the microfluidic
delivery system;

exerting a contact force upon system electrical contacts of the microfluidic dehvery
system with the refill electrical contacts of the microfluidic delivery refill;

receiving an clectrical signal from the clectrical contacts of the microtluidic delivery
systern with the electrical contacts of the mucrofluidic delivery refill; and

converting the electrical signal with the microfluidic delivery member 1oto motion of the

fluid composition to activate the microftuidic delivery refill.

21, The roethod of claim 20, further comprising:

removing air from a fransport member, whereby the microfluidic delivery refill is primed.

22, A microftuidic dehvery refill, comprising

a reservoir that encloses a thuid composition;

a transport member in fluid communication with the reservoir, wherein the fluid
compasition travels from the reservoir and along the transport member 10 a divection of travel,
and wherein the transport member comprises a cross-sectional area taken orthogonal to the
direction of travel, preferably the cross-sectional arca of the transport member is less than 30
s

a microfluidic delivery member in fhud conmmunication with the transport member and
aligned with the direction of travel, wherein the microfhuidic delivery member receives an
clectrical signal and delivers a dose, preferably less than 50 picoliters, of the fluid composition,
and wherein a dosing ratio of the dose of the fhad composition to the cross-sectional arca of the

. ~ “5
transport member s less than 7 x 107 mm.

23, The microfluidic delivery refill of clairn 22, wherein:

the fluid coraposition comprises volatile components;

the microfluidic delivery member comprises a heater in fluid communication with the
transport member; and

the heater vaporizes at least a portion of the volatile components of the fluid composition

in response to the electrical signal, whereby the dose of the fluid composition is delivered.

24, The microflaidic delivery refill of claim 23, wherein the microtluidic delivery member

comprises a fluid chamber i flurd comwnunication with the transport mersber, and wherein the
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fluid chamber 1s disposed between the ransport member and a nozzle and is associated with the

heater,

25, The microftmdic delivery refill of claim 22, wherein the transport member is defined by a

width Wy, wherein the width Wy of the transport member is within a range of 3 mm fo 10 mm.

26, The microfluidic delivery refill of claim 22, wherein:
the reservoir forms a hollow body having an opening;

the microthuidic delivery refill compriscs a lid that encloses the opening of the reservoir;

and
the microftuidic delivery member is disposed on the lid.
27, The microftmdic delivery refill of claim 22, wherein the microttuidic delivery member

delivers the dose of the tluid composition at an angle P with respect to the direction of travel
defined by the transport member, and wherein the angle B is between -45 degrees and 45

degrees.
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