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liquids than atomizers whose nozzle plates arc directly excited.
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LIQUID DISPLNS[NG APPARATUS USING A PASSIVE Ll o UID METERING
METHOD

' FIELD OF THE INVENTIQ
The subject invention relates gencrally to liquid dispensing devices and, morc
particularly, to liquid dispensing devices using piezoelectric actuation and passive metering

- mecthods,

BACKGROUND OF THE INVENTION
Devices exist to atomizc and dispense liquids. These include l‘iquid dispensers, medical.
devices, prihting devices and many more. Pressurized aeroéol canisters and hand-opcrated
sprayers are the most common devices in use. Pressurized devices have environmental concerns
- related to volatile emissions and are also limited by precision metering of liquids, cost and power
| consu;nption. |
Piezocl.e_ctn'c ultrasonic vaporization devices have been developed to increase precision,
especially for printing and medical device applicaﬁons Some devices, such as used in a

humidifier, are less prccnsc and wmk only with certain {ypes of hqu1ds

Other piezoelectric ultrasonic devices for liquid dlspcnsmg usc a vibrating membranc and
~ a wick to deliver liquid to the vibrating membrane. The wick limits the range of liquids to be
used in these devices because of clogping of the wick and limitations of the viscosity of the

liquid. The vertical oricntation of a wick further restricts the design because it requircs that the
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orientation of the vibrating membrane be horizontal. . Further, the vib*mting membranc in such
devices is scositive to residual accumulation of liquid on the plate, This reduces the range of
liquids that can be used in such a device. Finally, the reservoir size that can be used in such a

device i is rclatwcly small, because its hei ght i is limited by the height that a wick can draw liquid

to the wbraUng mcmbr'me
~ Devices used to dispense itk for printing employ a chamber pressurized from the back to
cjcet droplets throu:gh' dpcrforated‘membrane. These designs are appropriate for inkjet priniting
* but arc relatively cxpensive because they fcquire precise semiconductor fabrication processes. In
such desi gns, .the delivery of ljciuid to the perforatcd membrane is a challenge and only small

volume reservoirs can be used.
SUMMARY OF THE INVENTION

One embodimcht of thie present invention is focused on disp’ehsing fragrances, yerfumcs, |
insecticides or other related ar'omatic. solutions.

One embodiment of the present invention features an atomizing head consisting of -
several plates fdrmih’g ‘a sﬁmll chamber of liquid. A vibrating plate that is acfuaied by a
pmzoelectrlc device attached to the vxbratmg plate compresses the chamber The pressurized
liquid s atonnzcd as rt is dispenscd through a perforated membrane on the first planar member

One embodiment of the present invention mcamoxates a new mcthod for delivering iquid
to the atomizer head, The device consists of a large liquid reservair with a downward-pointing
tube. The tube allows liquid to fall mto a small liquid reservoir. An air Jock between the liquid
level in the small rescrvoir and the tube automatically maintains the desired 11qu1d height in-the

small reservoir and the tubc automahcally maintains the desired hqmd hexght in the small
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reservoir. Surface tension forces draw the liquid from the small reservoir automatically to the
atomizer head with a controlled backpressure. This system provides passive metering of

liquid to the atomizing head.

According to another embodiment of the present invention, there 1s provided
an atomizing head for use in a liquid dispensing device, said atomizing head comprising: first
and second members which each have a front planar surface and a rear planar surface, said
first member has an aperture which extends therethrough from said front planar surtace
thereof to said rear planar surface thereof; at least one nozzle associated with said first
member for dispersing liquid; a piezoelectric member affixed to said rear planar surface of
said second member; a first plate having front planar and rear planar surfaces, said front
planar surface of said first plate being affixed to said rear planar surface of said first member,
said rear planar surface of said first plate being affixed to said front planar surface of said
second member, said first plate defining an aperture therethough, said aperture of said first
plate defining a liquid chamber which is defined between said first and second members, said
at least one nozzle being in fluid communication with said liquid chamber; and a second plate
having front and rear surfaces, said second plate having at least one hole which extends
therethrough from said front surface to said rear surface, said front surface of said second
plate being affixed to said rear planar surface of said first member in such a manner that said
at least one. hole defined by said second plate is in fluid communication with said aperture
defined by said first member, said at least one hole of said second plate defining said at least
one nozzle associated with said first member, said second plate being positioned within said

aperture of said first plate and further defining said liquid chamber.

According to another embodiment of the present invention, there is provided
an atomizing head for use in a liquid dispensing device, said atomizing head comprising: a
first member having a front surface and a rear planar surface, the first member detining an
aperture which extends therethrough from the front surface to the rear planar surface; a second
member having a front planar surface and a rear surface; a spacer member having front planar

and rear planar surfaces, the spacer member being positioned between the first and second

members with the front planar surface of the spacer member being affixed to the rear planar

surface of the first member and with the rear planar surface of the spacer member being
3
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attixed to the front planar surface of the second member, the spacer member defining an
aperture which extends therethrough from the front planar surface thereof to the rear planar
surface thereof, the aperture of the spacer member defining a liquid chamber which is defined
between the rear planar surface of the first member and the front planar surface of the second
member; a piezoelectric member affixed to the rear surface of the second member; and a plate
member having a front planar surface and a rear surface, the front planar surface of the plate
member being affixed to the rear planar surface of the first member and being sized to cover
the aperture defined by the first member, the plate member being wholly positioned within the
liquid chamber defined bly the aperture of the spacer member, the rear surface of the plate
member being separated from the front planar surface of the second member, the plate
member defining at least one nozzle-shaped hole which extends therethrough from the front
planar surface thereof to the rear surface thereof, the at least one nozzle-shaped hole of the
plate member being 1n fluid communication with both the aperture of the first member and the
liquid chamber, whereby activation of the piezoelectric member causes the second member to
vibrate, thereby generatihg oscillating motion and pressure in liquid contained 1n the liquid
chamber and causing the liquid to be atomized and dispersed through the at least one
nozzle-shaped hole, through the aperture of the first member and outward beyond the front
surface of the first member. This embodiment of the present invention requires no pressurized
gas propellant (VOC’s), which are increasingly regulated by both State and Federal Agencies,

thereby reducing environmental challenges associated with such aerosol devices.

This embodiment of the present invention requires no pressurized gas
propellant (VOC’s), which are increasingly regulated by both State and Federal Agencies,

thereby reducing environmental challenges associated with such aerosol devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the illustrated embodiment of the invention, which are novel,
are described 1n detail herein below. The organization and manner of the structure and

operation of the invention, together with further objects and advantages thereof, may best be

3a
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understood by reference to the following description and viewed in connection with the

accompanying drawings wherein like reference numerals identify like elements in which:

FIG. 1 shows a device for dispensing atomized liquid. The exterior housing 1
preferably is a plastic injection-molded part that serves as a housing for the internal
components, a mounting structure, and includes the desirable external shape features for the
liquid dispensing apparatus 5 and tube 5°. The exterior housing incorporates a control printed
circuit board (PCB) 2. The large liquid reservoir 3 is mounted inside the exterior housing 1.
The exterior housing also contains a power supply, preferably two AA-cell, C-cell or D-cell

batteries 4.

FI1G. 2 1s an exploded view of the liquid dispensing apparatus 5. The exploded
view shows the large liquid reservoir 3, located adjacent to the liquid dispensing apparatus 5,
which supplies liquid to the smaller reservoir 7. The atomizing head 6 is seated in the

assembly via a spring loading of the atomizing head’s planar members.

FIG. 3 shows a side-view cross section of the liquid dispensing apparatus 5.
The second reservoir 7 maintains a supply of liquid that is delivered to an atomizing head 6.
The tube 5° provides a pathway for the liquid to flow from the large liquid reservoir 3 to the
smaller reservoir 7. The bottom edge of the tube 5’ limits the liquid level so the atomizing
head 6 1s supplied with a constant liquid level 15. The geometry formed by the planar

features of the atomizing head 6 and

3b
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the curved tube 5 outer surface provides a means for the surface tension forces to deliver liquid
from the small reservoir 7 to the chamber 1n the atomizing head 6.

FIG. 3a shows a side-view cross scction of the Liquid dispensing apparatus 5 and the
atomizing head 6.
FIG. 4 shows a close-up exploded view of the atomizing head 6. The atomizing head 6
comprises several planar members and other components that are affixed to each other,
preferably using a solder-bond process. As illustrated, a first planar member 8 is a cylindrical
plate. The hrst planar member 8 includes an aperture plate 9, which contains nozzle-shaped
holes 13. Tror purposes of explanation only, once aftixed, the aperture plate 9 1s then considered
an integral part of the first planar member 8. The first planar member 8 is affixed to a spacer
plate 10. The spacer plate 10 also serves to prescribe the axial distance between the first planar
member 8 and a second planar member 11, The atomizing head assembly provides a means for
rigidly supporting the thin aperture plate 9, a resonant actuator for pumping the liquid, and a
l1iquid cavity from which to dispense liquid. A notch 14 at the bottom edge of the hole located in
the spacer plate 10 provides a portion of the pathway for the liquid to be drawn nto the liguid
cavity. A piczoelectric ring 12 1s affixed to the back of the second planar member 1 1.

FIG. 5 shows a close-up cross section view of tapered holes 13 in the aperture plate 9.
The tapered apertures 13 are a series of holes that provide a means for the liqud particles to be

atormzed and projected through the first planar member 8.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

For purposes of the description hereinafter, the words “uppet”, “lower”, “right”, “left”,
“vertical”, “honzontal”, “top”, “bottom”, “lateral”, “longitudinal”, “small”, “large”and like
spatial terms, 1f used, shall relate to the described embodiments as oriented i the figures.
However, 1t 1s to be understood that many alternative vartations and embodiments may be
assumed except where expressly specified to the contrary. It 1s also to be understood that the
spectfic devices and ecmbodiments illustrated 1n the accompanying drawings and described herein
are simply exemplary embodiments of the mvention.

While specific embodiments of the invention have been described in detail, 1t will be

4
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appreciated by those skilled in the art that various modifications and alternatives to those details

could be developed in light of the overall teachings of the disclosure. The presently preferred
embodiments described herein are meant to be illustrative only and not limiting as to the scope of
the invention which is to be given the full breadth of the appended claims and any and all
equivalents thereof. For cxample, while the present invention is implemented primarily from the
point of view of dispensing liquids containing liquids in the described embodiments, the pfcsent
invention may also be effectively implemented on, for example, but not so limited to, printing,

chemical dispersion on production lines, etc.

The present invention vaporizes and dispenses liquid without the use of compressed
gas propellants, and may achieve environmental benefits. The present invention may be more
robust in its liquid delivery method compared to ultrasonic piezoelectric devices employing
wicks. Accordingly, the device may be able to work with a wider range of liquid properties
than existing piezoelectric devices of this type. The passive metering function may be robust
and consistent, enabling larger and more varied liquid reservoirs because the reservoir height
is not a factor in determining the performance of the device. The atomizer head with a

chamber excited on its second planar member may function with a wider range of liquids than

atomizers whose membrane plate is directly excited.

FIG. 1 is an image of a preferred embodiment of the present invention. The exterior

- housing 1 is preferably a plastic injection-molded pai't that scrves as a housing for the internal
components, a mounting structure, and includes the external shape features for the liquid
dispensing apparatus. The cxterior housing incorporates a printcd“circﬁit board (PCB) 2. The
PCB performs computations and provides an interface to the user controls that can allow for
changes to the tirae and duration of the duty cycle for dispensing the liquid, which may or may
not be co-located on the backside of the PCB, accessible through the exterior housings via
depressible buttons, switches or othér controls. The PCB 2 contains a signal generator module
that generates a specific oscillating voltage signal to excite the piezoelectric liquid dispensing
apparatus. The PCR also contains power amplifier components to amplify the signal to the

appropriate voltage and current necessary to drive the piczoelectric atomizing device, all of

5
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which circuitry is well known in the art. In some embodiments, the invention may
comprise several printed circuit boards electrically connected via wires to perform the
needed functions. A liquid reservoir 3 is mounted inside the exterior housing 1. The
liquid reservoir contains the liquid or other liquid to be dispensed into the air by the
device. It should be noted that the liquid reservoir 3 is not a pressure vessel and is
not pressurized with propellant, differentiating it from aerosol reservoirs. The liquid
reservoir 3 is equipped with an outlet fitting 3’ that is sealed during shipping with a
seal made of foil, plastic film, cap or other material. During replacement of a liquid
reservoir, It is oriented such that the outlet fitting 3' faces downward and is inserted
onto a tube 5, providing a seal between the reservoir 3 and the tube 5’ and providing
a path for liquid to flow into the second reservoir 7 (see FIG. 2). The exterior

housing 1 also contains a power supply, preferably two AA-cell, C-cell or D-cell
batteries 4.

FIG. 2 is an exploded view of the liquid dispensing apparatus 5. The
bottom of the liquid reservoir 3 is shown in its orientation during installation and
during use. The tube 5’ of the liquid dispensing apparatus 5 penetrates the seal of
the large liquid reservoir 3 during replacement or installation. The large liquid
reservoir 3 has low gas permeability to air. Upon installation, the large reservoir 3 is
connected with the tube &' to provide an airtight seal. The large reservoir 3 must be
sufficiently rigid so that it will not deform from pressure changes while the device is in
operation. This allows liquid to feed via gravity into a second, smaller reservoir 7.
The liquid level of the second reservoir 7 is automatically and passively controlled
with pressure forces created by the pressure within the second reservoir 7 once the
liquid level of the second reservoir 7 fills to a level that prevents the passage of air
Into the tube 5’ and liquid reservoir 3 as best understood with reference to FIG. 3.
During operation, liquid is drawn out of the se.cond reservoir 7, lowering its level.

When the level drops to the point where the liquid level is below the bottom of the

tube ', air enters the liquid reservoir 3 and additional liquid moves via gravity forces
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from the liquid reservoir 3 into the second reservoir 7. This process fills the second
reservoir 7 until the level is once again equal to or higher than the bottom edge of the
tube o', sealing off the flow of air and achieving a new pressure equilibrium. This
process occurs automatically until the liquid reservoir 3 is emptied of its liquid. An

O essential feature of this operation is that the level of the liquid in the second

reservolr 7 is maintained with only a small

oa
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| ﬂuctuathn. This cnables a near-constant mppIy of liquid to be delivered to the at0111i7ing head 6

at a constantly maintained level and pressure, which is important with rcspcct to prevcntlng,
unwanted leakage through the atomizing hcad as will be more fully understood upon reading thic
discussion below. |

FIG. 3 shows a side-vicw cross section of the liquid dispenéing apparatus 5. The second
reservoir 7 maintains a supply of liquid that is delivered to an atomizing head 6. The liquid level 15

- 1n the second reservoir 7 is mmntamcd at or very near to the height of the bottom of the tube oy
Liquid is passwcly delivered upward from the bottom edge of the spacer plate 10 to the upper
region of the atomizing hgad 6 by way of surface tension forces. Surface tension in the liquid
that is reSpbnsiblc for transporting the liquid upward against the force of gravity is established by
the geometry formed between the back side of the planar atomizi ng head spacer pldtc 10 and the
curved cxterior surface of the tube 5'.

[1G. 3a shows a side-view cross section of the liquid dispensing apparatus 5 and the
atomizing head 6, The liquid that is drawn upward by surface tension in the region between the
planar spacer plate 10 and the curved exterior surface of the tube 5' is further drawn upward from
the bottom circumferential edg ge of the second planar member and into the liquid chamber via a
small openmg at the bottom of the liquid chamber, The opening is defined by a notch 14 (see
FIG.4) at the bottom edge of the hole in the spacer plate 10 and the first and sccond planar

- members. The passage defined by the exterior surface of tube 5" and the particular geometry in
the atomizing head 6 - cnables hquld to reach the upertul es 13 in the atomizing head 6 without the
need for a capillary tube or wick.

FIG. 4 shows a olosc-up cxploded view of the atomizing head 6. The atomizing head
consists of several plahar members and other components that ate affixed to each other,
preferably uéing a solder-bond process. The planar members can also be affixed together uéing

- lascr or spot welding, shect metal forming of one or more p]anar membcrs, or ad.ditional paits
including a plastic housing, A first planar member 8 is preferably a cylindrical plate made of
stainless stecl or brass, dcpcndmg on the liquid apphcatlon The first planar member 8 incl udcb
an aperture plate 9, which contains preferabl y 10 to 200 nozzle-shaped holes. The holes are

tapered from the back to the front of the aperture plate and are preferably sized between 5 to 20

7
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i 1n diamcter at their smallest dimension. The aperture plate 9 1s fabricated preferably using an
clectroforming process with a nickel alloy or other metal compatible with the electroforming
process. ‘The aperture can also be fabricated using a laser abolition process. Its size and shape
are tatlored to minimize production costs. Once affixed, the aperture plate 9 is considered for
purposes of this discussion to be an intégral part of the first planar member 8. The tirst planar
member 8 15 affixed to a spacer plate 10. The base of the spacer plate serves as the base of the
atomizing head 6. The spacer plate 10 also serves to prescribe the axial distance between the
first planar member 8 and a second planar member 11. This distance 1s important to the
structural vibration and tluid dynamies of the device, and 1s preferably between 25 and 100 um,
The second planar member 11 (also sometimes referred to as the resonator plate) is affixed to the
vack of the spacer plate 10. Once assembled with the first and second planar members, together
with the circular hole 1 the spacer plate 10 forms a very small chamber from which a volume of
liquid 1s dispensed. The liquid drawn up to the upper region of the atomizing head 6 using
surface tension enters the small liquid chamber through an opening forimed by a notch 14 at the
bottom edge of the hole in the spacer plate 10. A piezoelectric ring 12 is affixcd to the back of
the second planar member 11, This piezoclectric ring 1s preferably solder bonded to the second
planar member with a low temperature solder so as to not depole the piezoelectric material. The
piexoeledric material 1s poled along the symmetric axis of the piczoelectric ring. The voltage 1s
applied between an electrode on the back surface of the piezoelectric ring and the clectrically
conductive seccond planar member. Voltage with the same sense as the piezoelectric poling
cirection generates an electric field in the piczoclectric material such that the piezoelectric ring
confracts radially and circumterentially, but cxtends axially. Voltage with an opposite sense to
that of the poling direction will generate an inverse deflection in the piezoelectric material,
Piczoelectric coupling 1n this configuration is characterized by the d3; constant. During
operation, oscillating voltage 1s applied to the piezoelectric ring, causing it to oscillate at the
corresponding frequency. These contractions and eﬁp&nsjons result i an oscillating stress at the
interface between the piezoelectric ring and the sccond planar member 11, The oscillating stress
creates vibrations of the second planar member 11 at a frequency corresponding to its structural

resonance. This creates amplified vibrations, which generate oscillating pressure in the small

SUBSTITUTE SHEET (RULE 26)



- CA 02765882 2015-07-14

63632-1721

volumo of 11qu1d between the first and second planar members. The combination of motion and
~ pressurc atomlzes the liquid as it passes through the aperturcs 13 in the first planar member 8,
and provides the hqmd with sufficient velocity such that it is ejccted from the atomizer head 6 in

‘a direction notmal to the surface of the ﬁmt planar member such that it travels a sufficient
distance from the external housmg 1, Traveling a sufficicut distance prevents liquid from ‘
landm;, on the external housmg, s 1, and, in the case of fragrance, improves thu dispersion of the

'ﬁagrancc through the air. Ina preferred embodiment of the atomlzcr head 6 the region in which

the first planar member 8 is located is oriented at an angle such that the vector defincd by the
liquid ¢jection rclative to a hori‘.zontal- plate forms a 0 to 60 degree angle. Changing the

- onentahou of the entire atom17cr head 6, or introducing 4 bend in the spacer plate 10 at a
location below the first planal member 8 can achicve this. An additional feature of the
embodiment of the invention is that it allows for long-tel m or constant opcmtmn of the liquid
dnspenser ThlS may be achieved because the atomlzatxon is robust and does not depend on

- formation of a film or residue of liquid on the first planar member 8, as is the case in devices

of the prior art. |
~ FIG. 5 shows a close-up cross section view of tapered holes 13 formcd in th apcrture

plate 9 The structure of the aperture plate 9 is shown shaded. The tapered apertures 13 are a

series of holes that provide a means for the liquid particles to be atoxmzed and pmjcctcd through

‘the fiist planm metnber 8.

‘While preferred embodiments of the present invention are shown and described, it is
envisioned that those skilled in the art may devise various modifications of the prescnt invention

without dcpalﬁng from the scope of the appended claims,
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CLAIMS:

1. An atomizing head tor use in a liquid dispensing device, said atomizing head

comprising:

first and second members which each have a front planar surface and a rear
planar surface, said first member has an aperture which extends therethrough from said front

planar surface thereof to said rear planar surface thereof;

at least one nozzle associated with said first member for dispersing liquid,;

a piezoelectric member affixed to said rear planar surface of said second

member:;

a first plate having front planar and rear planar surfaces, said front planar

surface of said first plate being affixed to said rear planar surface of said first member, said

- rear planar surface of said first plate being affixed to said front planar surface of said second

member, said first plate defining an aperture therethough, said aperture of said first plate

defining a liquid chamber which is defined between said first and second members, said at

least one nozzle being in fluid communication with said liquid chamber; and

a second plate having front and rear surfaces, said second plate having at least
one hole which extends therethrough from said front surface to said rear surface, said front
surface of said second plate being affixed to said rear planar surface of said first member in
such a manner that said at least one hole defined by said second plate is in fluid
communication with said aperture defined by said first member, said at least one hole ot said
second plate defining said at least one nozzle associated with said first member, said second

plate being positioned within said aperture of said first plate and further defining said liquid

chamber.

2. The atomizing head as defined in claim 1, wherein said second plate has 10

to 200 holes extending therethtough.
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3. The atomizing head as defined in claim 1, wherein said at least one hole

extending through said second plate has a smallest diameter of 5 to 20 pum.

“3 The atomizing head as defined in claim 1, wherein said first member is a
cylindrical plate.
5. The atomizing head as defined in claim 1, wherein said first plate defines an

axial distance between said first member and said second member.

6. The atomizing head as defined in claim 5, wherein said axial distance between

said first member and said second member 1s 25 to 100 um.

7. The atomizing head as defined in claim 1, wherein said aperture provided

through said first plate is circular in configuration.

8. The atomizing head as defined in claim 1, wherein said aperture provided
through said first plate defines a notch at a lower end thereof, said notch being positioned

below said first and second members in order to allow liquid to enter said liquid chamber via

said notch.

9. The atomizing head as defined in claim 1, wherein said second member 1s a

solid cylindrical plate.

10. The atomizing head as defined in claim 1, wherein said piezoelectric member

1s in the shape of a ring.

11. The atomizing head as defined in claim 1, wherein the at least one nozzle 1s

tapered 1n configuration.

12. An atomizing head for use in a liquid dispensing device, said atomizing head

comprising:
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a first member having a front surface and a rear planar surface, the first

member defining an aperture which extends therethrough from the front surface to the rear

planar surface;
a second member having a front planar surface and a rear surface;

a spacer member having front planar and rear planar surfaces, the spacer
member being positioned between the first and second members with the front planar surface
of the spacer member being affixed to the rear planar surface of the first member and with the
rear planar surface of the spacer member being affixed to the front planar surface of the
second member, the spacer member defining an aperture which extends therethrough from the
front planar surface thereof to the rear planar surface thereof, the aperture of the spacer

member defining a liquid chamber which is defined between the rear planar surface of the first

member and the front planar surface of the second member;
a piezoelectric member affixed to the rear surface of the second member; and

a plate member having a front planar surface and a rear surface, the front
planar surface of the plate member being affixed to the rear planar surface of the first member
and being sized to cover the aperture defined by the first member, the plate member being
wholly positioned within the liquid chamber defined by the aperture of the spacer member, the
rear surface of the plate member being separated from the front planar surface of the second

member, the plate member defining at least one nozzle-shaped hole which extends

therethrough from the front planar surface thereof to the rear surface thereof, the at least one

nozzle-shaped hole of the plate member being in fluid communication with both the aperture

of the first member and the liquid chamber,

whereby activation of the piezoelectric member causes the second member to
vibrate, thereby generating oscillating motion and pressure in liquid contained in the liquid
chamber and causing the liquid to be atomized and dispersed through the at least one

nozzle-shaped hole, through the aperture of the first member and outward beyond the front

surface of the first member.
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13. The atomizing head as defined in claim 12, wherein the front surface of the

first member 1s planar.

14, The atomizing head as defined in claim 12, wherein the rear surface of the

second member 1s planar.

15. The atomizing head as defined in claim 12, wherein the rear surface of the

plate member 1s planar.

16. The atomizing head as defined in claim 12, wherein an axial distance between
the front planar surface of the plate member and the rear surface of the plate member 1s

between 25 and 100 um.

17. The atomizing head as defined in claim 12, wherein the at least one
nozzle-shaped hole is tapered from the rear surface of the plate member to the front planar

surface of the plate member.

18. The atomizing head as defined in claim 12, wherein the at least one

nozzle-shaped hole has a minimum diameter of between 5 and 20 pm.

19. The atomizing head as defined in claim 12, wherein the plate member has 10

to 200 nozzle-shaped holes extending therethrough.

20. The atomizing head as defined in claim 12, wherein the piezoelectric member

is in the shape of a ring.

21. The atomizing head as defined in claim 12, wherein the second member 1s

formed of an electrically conductive material such that the second member vibrates when the

piezoelectric member 1s vibrated.

22. The atomizing head as defined in claim 12, wherein the spacer member turther
has a delivery passageway provided therein for providing liquid to the liquid chamber, the

liquid chamber being located above the delivery passageway.

13
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23. The atomizing head as defined in claim 12, wherein the first member 1s a
cylindrical plate.

24, The atomizing head as defined in claim 12, wherein the aperture provided

through the spacer member is circular 1n configuration.

23. The atomizing head as defined in claim 12, wherein the aperture provided
through the spacer member defines a notch at a lower end thereof, the notch being positioned

below the first and second members in order to allow liquid to enter the liquid chamber via the

notch.

26. The atomizing head as defined in claim 12, wherein the second member is a

solid cylindrical plate.

14
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