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ll (54) Title: ULTRASOUND LIQUID ATOMISER

(54) Titre : ATOMISEUR DE LIQUIDE PAR ULTRASONS

(57) Abstract: The invention relates to an ultrasound liquid atomiser 
comprising: a rigid piezoelectric transducer body (1) having a first end 
defining an opening and a second end, the inside of the piezoelectric 
transducer body (1) comprising a cavity for containing a liquid to be 
atomised and said body (1) further comprising a symmetry axis; a mi
cro-perforated membrane (3) attached on said first end and covering 
said opening; a piezoelectric member (2, 9) adapted and provided so 
as to vibrate the piezoelectric transducer body (1); characterised in that 
the piezoelectric member (2, 9) is located towards said second end in 
order to vibrate the piezoelectric transducer body(l)ina direction par
allel to its symmetry axis.

(57) Abrege : Atomiseur de liquide par ultrasons comprenant : - 
un corps de transducteur piezoelectrique (1) rigide comprenant une 
premiere extremite formant une ouverture et une deuxieme extremite,

l'interieur du corps de transducteur piezoelectrique (1) comprenant une cavite destinee a contenir un liquide a atomiser, ledit 
corps (1) comportant en outre un axe de symetrie, - une membrane micro-perforee (3) fixee sur ladite premiere extremite et 
recouvrant ladite ouverture, - un element piezoelectrique (2,9) adapte et dispose de maniere a faire vibrer le corps de transducteur 
piezoelectrique (1), caracterise par le fait que l'element piezoelectrique (2,9) est dispose vers ladite deuxieme extremite, de maniere 
a faire vibrer le corps de transducteur piezoelectrique (1) selon une direction parallele a son axe de symetrie.
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ULTRASOUND LIQUID ATOMIZER

FIELD OF THE INVENTION

5

The present invention relates to fluid dispensers, commonly called atomizers, that are used to 

accurately diffuse, by means of piezoelectric members, fluids in the form of micro-droplets or 

aerosols.

10 In the specification the term “comprising “ shall be understood to have a broad meaning similar to the 

term “including” and will be understood to imply the inclusion of a stated integer or step or group of 

integers or steps but not the exclusion of any other integer or step or group of integers or steps. This 

definition also applies to variations on the term “comprising” such as “comprise” and “comprises”.

15 STATE OF THE ART

The reference to prior art in this specification is not and should not be taken as an acknowledgment or 

any form of suggestion that the referenced prior art forms part of the common general knowledge in 

Australia.

>0

In many applications, fluids or liquids, whatever their nature (oily, aqueous or alcoholic), whether they 

are solutions or suspensions (particles suspended in a liquid), are dispensed by micronization, 

atomization, vaporization or aerosol generation. The main applications that use these fluid dispensing 

devices relate to the administration of medicines (pharmacy), the diffusion of cosmetic products (in 

25 particular perfumes), disinfection, odor generation, humidification of air or media (paper, fabrics, etc.) 

and the dispensing of biological reagents.

Regarding medical applications, nebulizers have been employed for decades to deliver medicines by

inhalation. The devices used for this purpose can include a mechanical dosing pump, a pneumatic or

30 ultrasound nebulizer. Until recently, these devices were designed to deliver medicines through

respiratory pathways, at a relatively superficial level. For some years, the pharmaceutical industry has

been addressing the administration of medicines in the form of aerosols as deep as possible into the

lungs in order to reach the bronchioles. By being able to do this, it would be possible to administer

systemic medicines or genes by respiratory pathway.

1
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0 For this, it is necessary to develop new technologies to enhance the efficiency, the accuracy and the

uniformity of the aerosols intended to be deposited in the bronchioles. The conventional devices are

generally limited either by an excessively fast expulsion of the aerosol, or by excessive consumption,

5 or by degradation of the medicinal products, or by excessively large droplets, or by noise.

To satisfy the new conditions demanded by the delivery of medicines by respiratory pathway, a 

number of manufacturers of aerosol generators have developed devices based on vibrating micro

perforated grids or membranes. These manufacturers include Nektar (Aeroneb), Odem (TouchSpray), 

10 Pari (e-Flow), Pfeiffer (MicroHaler), Omron (NE-UO22), Sheffield Pharmaceutical (Premaire), 

Alexza (Staccato).

The first studies concerning ultrasound atomizers including a vibrating micro-perforated membrane 

were carried out by the Matsushita research laboratory in the 1980s. The principle of the ejection of 

[5 liquid in fine droplets through a micro-perforated vibrating membrane subject to vibration is 

developed in particular in the following publications: Ueha S., et al. Mechanism of ultrasonic 

atomisation using a multi-pinhole plate. Acoust.Soc. Jpn. (E) 6,1:21 (1985). Maehara N., et al. 

Influence of the vibrating system of a multipinhole-plate ultrasonic nebulizer on its performance. 

Review of scientific instruments, 57 (11), Nov. 1986, pp.2870-2876. Maehara N., et al. A pinhole- 

10 plate ultrasonic atomizer. Ultrasonics Nov. 1984.

All of these studies have formed the subject of a number of patents, in particular US 4 533 082 (1985) 

and US 4 605 167 (1986) which describe an atomizer that uses a vibrating membrane perforated with 

micro-holes. The membrane includes a curved part (protuberance or dome) at its center causing the 

25 droplets generated to diverge. The membrane includes micro-perforations of 30 to 100 pm diameter.

The vibrating member is an annular piezoelectric ceramic with an external diameter of 5 to 15 mm, an 

internal diameter of 2 to 8 mm. The vibrating membrane that is 30 to 120 pm thick is glued to the 

annular ceramic. This piezoelectric ceramic is excited at frequencies between 30 and 200 kHz on its 

radial deformation mode. Bespack patent US 5 152 456 (1992), see also the corresponding European 

30 application, EP 0 432 992 Al, takes up the principle proposed by Matsushita. However, the vibrating 

member (or vibrator) comprises an annular disk of aluminum that is 22 mm in diameter. The 

piezoelectric ceramic is fixed to this aluminum disk. The operating mode of the piezoelectric ceramic 

corresponds to a radial deformation. The central opening of the aluminum disk is 4 mm. The nickel 

membrane has 1500 perforations (or holes) of 3 pm diameter.
35

2
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The Toda patent US 5 297 734 (1994) refers to a vibrating-plate-type atomizer of square geometry

allowing throughputs up to 11/hour. The atomizer comprises a nickel membrane 50 pm thick glued to

a piezoelectric ceramic disk with an external diameter of 24 mm, an internal diameter of 12 mm and a

20
07

32
12

63
 

19
 A

ug
 2

01
0

thickness of 6 mm. The membrane has tapered holes with an internal diameter of 1 mm and external

5 diameter of 20 pm.

The Technology Transfer Partnership (TTP) patent US 5 261 601 (1993) describes an atomizer based 

on the abovementioned Bespack patent. The TTP patent US 5 518 179 (1996) refers to a disk 

atomizer in which the perforated membrane is made of electroformed nickel. The TTP atomizer 

L0 requires no liquid chamber behind the membrane and the liquid is fed by capillarity (use of wick or 

porous material). The TTP atomizer highlights its bimorphic structure specifying the flexing mode of 

the assembly consisting of the piezoelectric ceramic and the micro-perforated membrane. The 

membrane has a rigidity comparable to that of the annular piezoelectric ceramic. The reference 

atomizer comprises a brass ring with an external diameter of 20 mm and a thickness of 200 pm. The 

. 5 piezoelectric ceramic ring has an external diameter of 20 mm, an internal diameter of 6 mm and a 

thickness of 200 pm. The Aerogen patent US 6 085 740 (2000) mentions a means for atomizing a 

liquid in fine droplets by using a micro-grid. The membrane, provided with micro-holes of 1 to 6 pm 

diameter, is vibrated by a piezoelectric bimetallic strip operating at 45 kHz. The liquid is fed by 

capillarity and the membrane can be dissociated from the vibrator.
!0

The Aerogen patent US 6 427 682 (2002) describes the use of a medicine diffusing appliance that uses 

a vibrating membrane. Its principle is very close to that of Matsushita. It comprises a part made of 

aluminum vibrated by flexing using an annular piezoelectric ceramic. The vibrating membrane 

provided with micro-holes is produced by electroforming. A chamber containing the liquid is in 

25 contact with the membrane.

Moreover, Omron has developed an ultrasound pump technology making it possible to atomize a 

liquid through a micro-perforated membrane. This technology is described in patent US 6 901 926 

(2005). In the Omron technology, the micro-perforated membrane is not vibrated directly by the 

30 vibrating member. The droplets are formed by ejection of the liquid through the holes when the 

pressure varies dynamically due to the ultrasound pump.

The piezoelectric or ultrasound atomizers of the state of the art (frequency greater than 20 kHz) that 

include a micro-perforated membrane that is subjected to vibration all operate by flexing of the 

35 membrane and the piezoelectric ceramic associated therewith. In fact, it involves combining in

3
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different ways an annular piezoelectric ceramic and a thin metallic membrane that includes a large

number of micro-perforations. This type of structure benefits from a small thickness.

The devices of the state of the art do, however, have a number of drawbacks.
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A first drawback lies in the fact that the micro-perforated membrane contributes strongly to the 

resonance mode of the atomizer. The effect of this phenomenon is that the atomizer is itself greatly 

damped in its resonance by the liquid that is in contact with the membrane. The operation of the 

atomizer depends strongly on the quantity of liquid or the pressure exerted by the liquid behind the 

10 membrane. This creates a complication in the control of the atomizer's excitation frequency.

Furthermore, this damping leads to an overheating of the vibrating member and of the membrane. 

This overheating causes the operating time of the atomizer to be limited, the electrical consumption 

required for the latter to operate to be increased and can lead to a degradation of the properties of the 

liquid to be atomized. Moreover, in this type of structure, the deformation of the membrane by flexing 

5 does not make it possible to obtain a uniform displacement over the entire surface of the membrane.

Depending on the positioning of the micro-holes on the membrane, the latter do not have the same 

throughput and the aerosol generation can be unstable (threshold effect). Also, the sensitivity of the 

vibrating structure to the mechanical fixings and the liquid seals (spurious damping) make the 

technological solutions for industrially implementing such structures in large quantities and at low 

!0 cost both complex and costly.

There is therefore a need to at least ameliorate these drawbacks and propose devices that are more 

robust, easier to control electronically, and more energy-efficient. There is also a need for devices that 

are easier to industrialize in large quantities and at low cost.

25

SUMMARY OF THE INVENTION

According to one aspect of this invention there is provided an ultrasound liquid atomizer comprising:

- a rigid piezoelectric transducer body having a first end defining an opening and a second end,

30

35

the inside of the piezoelectric transducer body comprising a cavity for containing a liquid to be 

atomized and said body further comprising a symmetry axis, 

- a micro-perforated membrane attached to said first end and covering said opening, 

- a piezoelectric member adapted and arranged so as to vibrate the piezoelectric transducer 
body ,

wherein the piezoelectric member is located toward said second end in order to vibrate the

4
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piezoelectric transducer body in a direction parallel to its symmetry axis.

In the present text, the term "transducer" should be understood to mean a member comprising a

piezoelectric transducer body, at least one piezoelectric member and, optionally, a rear mass.

The term "section" should be understood to mean a geometrical figure comprising the intersection of a 

plane and a volume. Thus, considering the example of a cylindrical object with a variable internal 

diameter, it will be said that it has a section that varies over its length.

ί 0 The transducer body has a symmetry axis.

A number of the advantages offered by the atomizer according to the present invention result from the 

fact that the piezoelectric transducer body to which the membrane is fixed vibrates in a longitudinal 

mode, that is, in a direction parallel to the symmetry axis of the piezoelectric transducer body.

.5

One or more piezoelectric members can be provided.

Preferably, the section of the piezoelectric transducer body varies over its length.

!0 According to one embodiment, the section varies discontinuously.

Advantageously, the section varies abruptly at a single point

Such a section variation is illustrated in the following embodiment in which the piezoelectric 

25 transducer body has two parts with different external diameters. The deformation amplification zone, 

the end of which includes the membrane, has the smallest diameter. In this configuration, called 

"horn" in this text, the longitudinal ultrasound waves are amplified in displacement at the change of 

section of the transducer. The tubular member acts as a micronic longitudinal displacement amplifier.

30 According to another embodiment of the invention, the membrane at least partially forms a dome that 

provides a number of functions. Commonly in the prior art, the micro-perforated membrane is 

designed to retain the liquid in the atomizing chamber behind the membrane and contain its static 

pressure. The balance of the pressures, the shape of the holes and the nature of the material used for 

the membrane is such that the liquid does not seep out of the membrane and that no "dripping" or

35 liquid loss phenomenon occurs. Moreover, the dome shape provides for a better distribution of the

5
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micro-droplet or aerosol mist by causing the jet to diverge by simple geometrical effect Also, the

vibratory speed associated with the displacement of the membrane makes it possible to eject the

micro-droplets through the holes. In the case of the present invention, the dimensions of the dome and

of the micro-perforated membrane are such that the dome provides a vibratory motion amplification

5 effect while retaining a vibratory speed distribution that is uniform over the surface of the membrane.

Unlike in the prior art, the membrane does not affect the vibratory behavior of the transducer. 

Whatever the thickness of the membrane (for example from 20 to 200 pm), the piezoelectric member 

retains its dynamic characteristics and its vibratory performance. More specifically, the resonance 

frequency and the vibratory displacements of the transducer are not modified by the mechanical 

0 coupling of the membrane. This gives the atomizer advantages in as much as the transducer 

(frequencies, vibratory displacements, deformation modes, coupling coefficient and mechanical 

quality factor) can be designed without taking into account the membrane (geometry and material).

This property of the present invention advantageously makes it possible to optimize the structure of

5 the transducer (or converter) in order to favor either the aerosol output speed, or the throughput, or the 

resonance frequency, or the consumption or the efficiency of the transducer. In this way, it is possible 

to produce vibrating membrane atomizers that allow aerosols to be produced at almost zero speed 

(medical application) up to ejection speeds for example of the order of 30 m/s (cosmetic application). 

Similarly, the atomization throughput is no longer directly linked to the surface area of the 

Ό piezoelectric ceramic but to the length of the piezoelectric transducer making it possible to adapt 

throughputs from 1 μΐ/s to 300 μΐ/s. It is this same length that directly governs the resonance 

frequency of the atomizer. The atomizer operating mode is not a flexing mode but a longitudinal 

elongation mode. This makes it possible to work at high frequencies (50 to 200 kHz) with 

piezoelectric ceramics of small diameter without compromising the liquid throughput and above all 

25 with very low losses. These mechanical losses which correspond to an energy that is dissipated in heat 

in the transducer increase strongly according to the operating frequency of the transducer. In the 

present invention, the latter are reduced because the efficiencies of the longitudinal-transducer-type 

structures are far better than the "bimetallic strip" type structures that operate by flexing.

30 The low losses in the transducer lead to the design of atomizers with low electrical consumption. This 

advantage is considerable in as much as the atomizers of the prior art are limited in their application 

by the atomization time and the lifetime of the power supply cells or batteries. In practice, the 

advantageous applications of the vibrating micro-perforated membrane atomizers mainly relate to 

"hand-held" devices operating on cells or batteries. The structure that is the subject of the present 

35 invention is less damped by the liquid behind the membrane. This property provides for less heating

6
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of the liquid to be atomized. In the applications in which the atomizers deliver medical formulations,

heating of the liquid can be prohibitive and greatly limit the benefit of such atomizers.

Moreover, according to a preferred embodiment, the present invention is characterized by the fact that 

5 the vibration nodes can be accessed to enable the atomizer to be mechanically fixed easily. The 

atomizers of the prior art that operate by flexing of the annular ceramic are difficult to fix 

mechanically without disturbing and greatly damping the vibration mode. In the case of the present 

invention, the atomizer is preferably mechanically fixed or oveimolded in the area of the vibration 

node (this node is unique) and allows for very simple and very inexpensive mechanical assembly and 

0 sealing solutions.

Another characteristic of the invention is that the liquid can be placed directly in contact with the rear 

face of the membrane. In practice, the vibration mode of the atomizer in a longitudinal mode has little 

sensitivity to the presence of a liquid and to the weight of the column of this liquid.

.5

This property enables the atomizer to operate equally at any angle from the vertical to the horizontal.

The liquid can also be guided to the membrane by capillarity by using ducts, wicks or appropriate 

porous materials. In this way, the liquid reservoir can be located above, around or below the atomizer.

10

According to a variant of the invention, the structure of the atomizer comprises a rear mass, also called 

dynamic mass, the role of which is to prevent the transducer from vibrating backward, two 

piezoelectric ceramics linked by common connections, a vibratory movement amplifier including a 

cavity and a micro-perforated membrane of varied shape but preferably dished forming a 

25 protuberance or dome.

According to another variant of the invention, a pre-stressing mechanism like a screw can be used to 

mechanically link the rear mass, the ceramics and the amplifier. The amplifier is metallic and 

preferably made of stainless steel, titanium or aluminum. The micro-perforated membrane is glued to 

30 the vibratory amplifier. The membrane, which has little effect on the vibratory behavior of the 

atomizer, can be made of a variety of materials such as plastic, silicon, ceramic, but is preferably made 

of metal. The micro-perforations can be produced by different means but preferably by electroforming 

or by laser. The quantity of micro-perforations can range from one hole for the dispensing of liquid on 

demand, to several thousands of holes. The size of the micro-holes or the mesh of the grids can range 

35 from 1 pm to 100 pm in equivalent diameter according to the applications of the atomizer. It has been

7
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demonstrated that the throughput and uniformity performance of the jet of droplets from the atomizer 

were greatly dependent on the displacement mode of the membrane. These performance levels are 

enhanced if the membrane is displaced in "piston" mode without deformation by flexing. In the state 

of the art, the atomizers operate by flexing and therefore lead to one or more vibration nodes inside the 

5 membrane. In the present invention, the membrane is not involved in the vibration mode of the 

transducer and it is possible to engineer and optimize the geometry of the membrane in order for the 

latter to be deformed in "piston" mode. For this, modelings and test results show that the diameter of 

the protuberance (or dome) must be close to the diameter of the cavity containing the liquid (or 

chamber). This means that the maximum height of the dome must be close to half the internal 

L 0 diameter of the cavity.

The displacement of the membrane in "piston" mode means that the vibratory speed on the surface of 

the membrane can be made uniform. The result of this is that the micro-perforations (or holes) eject 

micro-droplets of sizes that are better calibrated and with an identical throughput when they are 

. 5 compared with each other.

Other embodiments of the invention are briefly described below:

• The piezoelectric member or members is/are represented by a single ceramic fixed with a glue 

of sufficient rigidity to the transducer subject to the vibratory movement.

!0 · The piezoelectric ceramic is a multilayer allowing for a low-voltage electrical power supply (1

to 15 Vdc) such as can be supplied, for example, by the companies Epcos, Fuji, Noliac, 

Morgan Matroc or Physic Instruments.

• The piezoelectric ceramic is fixed to the body of the transducer so that there is no contact 

between the latter and the liquid to be atomized. This configuration makes it possible to

25 electrically insulate the piezoelectric ceramic and eliminate any problem of seal-tightness and

of compatibility (medical application) with the liquid.

• The vibratory displacement amplifier (or "honi") of the atomizer includes passages, grooves 

or holes so that tire chamber or reservoir of liquid is located around the horn.

• The piezoelectric transducer of the atomizer includes a "bell mouth" at the end of the "horn"

30 which preferably vibrates according to a "piston" mode without any flexing. This "bell mouth"

has the advantage of amplifying the vibratoiy displacement of the transducer but also of being 

able to fix a micro-perforated membrane of larger diameter. This configuration is for 

increasing the throughput of the atomizer despite its small size.

• The piezoelectric transducer, operating in longitudinal mode, causes a micro-perforated

8
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membrane or a cylindrical grid to vibrate and be deformed. To optimize the displacement of

the cylindrical membrane that is placed between the transducer and the bell mouth, a

protuberance can be added in order to increase the rigidity of the membrane appropriately.

• The atomizer includes a "horn" of particular shape such as, for example, a truncated cone

5 allowing for an amplification of vibratory movement by abrupt change of section. In this

particular configuration, the ratio of the membrane-piezoelectric member distance to the 

diameter of the piezoelectric member is preferably greater than 0.5.

• The micro-perforated membrane or grid is not glued but acoustically coupled to the transducer 

by mechanical pressure means.

10 · The fixing of the atomizer to an external medium is provided by a foil or a flexible circuit

fixed by mechanical means or by gluing to the electrode of the ceramic that is not associated 

with the transducer. This particular fixing method is advantageous due to its simplicity of 

implementation and its low cost. This configuration has the advantage of decoupling the 

transducer from the external medium (static resistance) and of not disturbing its dynamic

15 operation. Moreover, the metal foil (or the flexible circuit) makes it possible to supply the

piezoelectric ceramic with electricity.

• The atomizer comprises a transducer body which includes a means of fixing a reservoir 

without disturbing its dynamic operation and without affecting its performance.

• The atomizer includes a reservoir that is mechanically fixed to the body of the transducer

10 without disturbing the operation of the latter.

• The atomizer includes a solid or hollow mechanical unit made of different materials but 

preferably plastic, placed coaxially inside the cavity containing the liquid, of varied shape but 

preferably cylindrical, the role of which is to guide the air bubbles that could be formed at the 

level of the vibrating membrane and that would block the atomization process.

25 · The atomizer includes a liquid presence sensor comprising an electrode placed inside the

"horn" and close to the vibrating membrane. A low-frequency alternating electrical current is 

applied to this electrode, the signal of which is recovered on the electrical ground of the 

transducer by processing. The alternating current is propagated from the electrode to the 

vibrating membrane via the conductivity of the liquid. The presence or the absence of this 

3 0 signal indicates the presence or the absence of liquid.

• The atomizer is placed in a housing of varied shape that can be held in the hand or applied to a 

part of the body (human or animal) such as a mask, and made of different materials but 

preferably plastic. This housing can constitute a diffuser of perfume, of moisture, of 

disinfectant or of medicine. More particularly, the atomizer associated with the housing can be

9
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used as a device for delivering medicine by pulmonary, nasal or ocular pathway.

• The atomizer can be associated with a housing dedicated specifically to the delivery of 

medicine by pulmonary pathway. This housing can include all of the functions that make it 

possible to manage the inhalation or the diffusion of this medicine. In particular, it will include

5 a tip or anatomic adapter which may be disposable, an assembly of valves or of chicanes

making it possible to better manage the flow of air (sucked or blown), a device for triggering 

atomization on inhalation which can be produced either mechanically or electronically, a 

reservoir either at ambient pressure or with a depressurized (sterile) controlled atmosphere, a 

liquid level sensor and a mechanism to avoid the formation of air bubbles as described in this 

. 0 patent. In this text, this assembly is designated "inhaler”.

• The atomizer, incorporated in a mechanical housing, can be electronically controlled by an 

external electronic module making it possible to supply it with power by cell, batteries or 

mains. This same electronic module can be incorporated in the mechanical module in order to 

ensure complete autonomy of the device. This incorporated electronic module can be powered

5 by a battery, a cell or a rechargeable super-capacitor or by the mains or by induction effect

• The atomizer includes an electronic scale-removing, or more generally declogging, function 

produced by a particular electrical power supply mode by applying electrical voltage cycles to 

the piezoelectric members of duration, amplitude or frequency that are different from the 

nominal electronic power supply. This declogging mode can be implemented while the

'0 atomizer is dipped in a bath of scale-removing, cleaning or sterilizing product.

• The atomizer includes a membrane with holes of micronic size, the diameter of which has 

been reduced by means of a surface treatment (polymer or metallic), more particularly by 

electrolytic gold deposition. Moreover, these different surface treatments help to reduce the 

dripping or clogging phenomena and in certain cases provide bactericidal, virucidal or

25 biocompatibility functions.

• The atomizer is made of materials or includes a surface treatment making it possible to ensure 

its cold or hot sterilization (stoving). In particular, the atomizer will include high temperature 

piezoelectric ceramics (>150°C), a stainless steel or titanium transducer, a membrane covered 

with an electrolytic gold flash.

30 · The atomizer is electrically connected so that the electrical potential of the membrane is

different from the electrical ground of the electronic module. This electrical configuration 

makes it possible to electrically charge the micro-droplets in order to facilitate the guidance of 

the aerosol through the aeraulic circuit of the device and the respiratory pathways.

• The atomizer includes a perforation mechanism produced by a cannula or hollow needle

10
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made, for example, of plastic or of metal placed at the center of the atomizer. This mechanism

can include air bubble avoidance and liquid level measurement functions. This perforation

device makes it possible to receive a sterile and watertight reservoir or vial that has a

membrane seal made of elastomer material that can be perforated.

5 · The atomizer is provided with a metal foil (or flexible circuit) serving as an electrode and

making it possible to supply the ceramic with electricity which can be used to produce a 

depressurization sensor associated with the piezoelectric ceramic. The voltage generated on 

the ceramic during inhalation can be exploited to produce a device for triggering atomization 

on inhalation.

10

It follows that the invention is not limited to the embodiments described hereinabove. The latter are 

only examples.

It will also be noted that, in addition to the introduction of a longitudinal vibration mode, it is possible 

15 to provide a radial vibration mode.

DETAILED DESCRIPTION OF THE INVENTION

The invention will be better understood in this section by means of a detailed description and 

!0 nonlimiting examples illustrated by the figures.

Brief description of the figures:

Figure 1 is a cross-sectional representation of an exemplary atomizer according to the 
invention.

25 Figures 2, 3, 4, 5, 6, 7, 8, 9, 10 and 13 are cross-sectional representations of variants of this
atomizer.

Figures 11 represent the deformations of the membranes according to the structure of the 

atomizers.

Figures 12 represent modelings of the vibrational behavior of the atomizer according to the 
30 present invention.

Figure 13 is a cross-sectional representation of an atomizer including a tubular vibrating 

membrane placed around the "horn", itself vibrating according to a longitudinal mode.

Figures 14 & 15 respectively show the perspective view and the cross sections of the 

cylindrical tubular or truncated cone atomizers.

35 Figure 16 represents the perspective view and the cross section of a simple T-shaped medical

11
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inhaler incorporating an atomizer as described by the present invention.

Figures 17A and 17B illustrate two configurations of an inhaler in "pocket" format 

incorporating an atomizer as described by the present invention. Figure 17A represents an inhaler 

driven by an external electronic module. Figure 17B represents an inhaler with the electronics 

5 incorporated in the module. Figure 17C shows a cross section of this same inhaler making it possible 

to see the position of the atomizer in its module.

Figure 18 represents the cross section of an atomizer comprising the various air bubble 

evacuation and liquid presence sensor functions.

12
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List of numerical references used in the figures:

I. Piezoelectric transducer body

1 a Stress concentration zone

1 b Deformation amplification zone

5 2. Single-piece piezoelectric ceramic

3. Micro-perforated membrane

4. Cavity containing the liquid

5. Rear mass

6. Prestressing screw

[0 7. Electrode

8. Link member

9. Multilayer piezoelectric ceramic

10. Bell mouth

II. Electrical ground return

.5 12. Transducer cover

13. Reservoir

!0

14. Plug

15. Module

16. Tip

17. Openings or valves

18. Power supply cables

19. Electronic module

20. Electrical connector

21. Coaxial tube

22. Liquid presence sensor

23. Sensor return cable

The atomizer illustrated in figure 1A comprises a piezoelectric transducer body 1 that is preferably 

vibrated in the 50 kHz to 200 kHz range. Figure IB illustrates the same atomizer, but with a curve 

30 illustrated alongside it showing the maximum amplitude of the longitudinal displacements of the 

various parts of the atomizer. The piezoelectric transducer body 1 is characterized by two zones: a 

stress concentration zone la and a deformation amplification zone lb. In figures 1 to 6, the external 

diameter of the stress concentration zone la is identical to the external diameter of the deformation 

amplification zone lb. However, the internal diameter of the deformation amplification zone lb is 

3 5 greater than the internal diameter of the stress concentration zone la.

13
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5 concentration zone la.

Figure 8B represents the same type of information as figure IB, namely a curve showing the 

maximum amplitude of the longitudinal displacements of the various parts of the atomizer.

0 The interior of the deformation amplification zone lb comprises a cavity 4 containing the liquid to be 

atomized. In some cases, see in particular figures 5,7 and 8 to 10, the cavity 4 extends inside the stress 

concentration zone la. With this configuration, the ultrasound energy is retained primarily in the 

deformation amplification zone lb, which constitutes a vibratory displacement amplifier. The 

conservation of energy in the deformation amplification zone lb requires a conversion of the 

5 deformation stresses.

One or more piezoelectric members, preferably comprising a single-piece 2 or multilayer 9 

piezoelectric ceramic, are located in the top part of the atomizer, at the level of the stress concentration 

zone la. Figure 1, for example, represents two single-piece piezoelectric ceramics 2 connected by a 

’0 central electrode 7, for example made of brass.

The rear mass 5 (dynamic mass) makes it possible to reduce the deformations at the rear of the 

piezoelectric ceramics. The prestressing screw 6 makes it possible to mechanically link all of this 

stack. This assembly constitutes a piezoelectric transducer which is an electromechanical converter 

25 which vibrates according to a longitudinal mode. A longitudinal mode is defined by the fact that the 

transducer is deformed along its symmetry axis by elongation or contraction of its section. The 

vibratory behavior of this type of transducer is governed essentially by its length so that the ratio of the 

overall length of the transducer to the diameter or width of the piezoelectric ceramic is, preferably, 

greater than or equal to 1.

30

The micro-perforated membrane 3 or a grid of small thickness (20 to 200 pm) is mechanically fixed to 

the end of the piezoelectric transducer body 1 where its vibratory speed is maximum. The fixing of the 

membrane 3 is such that the latter is acoustically coupled to the transducer in the zone lb. In a first 

deformation mode and by way of example, this transducer is deformed and vibrates according to its 

35 half-wavelength. Figure IB shows the trend of the displacement of the points of the transducer in a
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section along its symmetry axis (length).

Figure 2 shows this same atomizer provided with a membrane linked mechanically and acoustically to 

the transducer via a link member 8 making it possible to provide a high prestress to the membrane.

5 Generally, the membrane can be mechanically coupled to the amplification zone by gluing, by 

brazing, by crimping or by welding. In particular, laser welding can be used.

Figure 3 is a variant of the transducer where the rear mass is eliminated for reasons of construction 

simplicity. The transducer is dimensioned so that the displacement at the level of the single-piece 

10 piezoelectric ceramic 2 is as small as possible and as great as possible in the amplification zone lb.

The electrode 7 can be made up by fixing a brass foil for example or by gluing a flexible printed 

circuit on polyimide.

Figure 4 represents a variant of the invention using a multilayer piezoelectric ceramic 9. The layers 

15 have a thickness, for example, of 20 to 200 pm and the use of such multilayers makes it possible, at

lower cost, to reduce the electrical power supply voltage at the terminals of the ceramic. This 

configuration is of great benefit for applications that demand a cell or battery power supply.

Figure 5 shows a variant of the invention where the cavity (chamber) containing the liquid 4 crosses 

20 the body of the transducer 1 through its entire length. In this case, the single-piece piezoelectric 

ceramic 2 has a hole in its center. This configuration makes it possible to easily feed the cavity with 

liquid.

Figure 6 shows another type of liquid feed by forming passages, holes or grooves to have the cavity 

25 filled with liquid 4 communicate with the outside. This configuration makes it possible to place the 

liquid reservoir around the transducer.

In the embodiment of figures 7 and 8, the cavity containing the liquid 4 is tubular for reasons of 

simplicity of shape.

30

In the configuration of figure 7, the ceramic 2 is no longer situated at the rear of the body of foe 

transducer 1 but at the level of foe displacement amplifier in front of the stress concentration zone la.

The single-piece piezoelectric ceramic 2 is thus protected by foe body of foe transducer 1.

35 This configuration offers the advantage of not having the ceramic 2 in contact with the liquid and of
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not posing problems of seal-tightness with the reservoir. The section variation of the body of the

transducer 1 still makes it possible to amplify the vibratory displacement at the level of the membrane

3.

5 Figure 9 shows another embodiment where the transducer 1 comprises a bell mouth 10 to which is 

mechanically and acoustically fixed a micro-perforated membrane 3. The advantage of this 

configuration is that it increases the atomized liquid throughput by simple surface effect while 

maintaining a high level of vibratory displacement amplification.

0 Figure 10 illustrates, by way of example, a geometry in truncated cone shape of the vibratory 

displacement amplifier lb. This configuration makes it possible to increase the dimension of the 

micro-perforated membrane 3.

Figure 11 explains the vibratory operation of the micro-perforated membrane 3. In the structures 

.5 resulting from the prior art (11 A, 11B, 11C), the atomizer operates in flexing mode by coupling an 

annular piezoelectric ceramic with the micro-perforated membrane. When the membrane is flat 

(fig. 11 A), the maximum vibratory displacement (Ux) is situated in the center of the membrane and 

decreases strongly as the distance from the center increases. In this case, the jet is highly directional.

When the membrane is dished and comprises a dome (fig. 11B and 11C), the latter increases the 

!0 rigidity of the vibration mode and causes the jet to diverge by simple geometrical effect. This is 

observed regardless of the flexing vibration mode concerned. The flexing mode 1 is more 

advantageous from this point of view. In the case of the present invention (1 ID), the geometry and the 

nature of the membrane do not influence the vibration mode of the atomizer. In practice, the flexing 

stiffness of the membrane has no influence on the longitudinal deformation of the transducer. To 

25 obtain the best result, it is enough for the diameter of the dome to be very close to that of the 

transducer in order for the membrane to simply follow the maximum vibratory displacement at this 

point. Such a configuration provides the atomizer with greater efficiency and therefore decreases 

consumption for an identical atomization throughput. Furthermore, the jet is particularly uniform and 

diffuse.

30

Figures 12A and 12B show the deformations simulated by finite element calculations of an atomizer 

produced according to the present invention and given as an example.

In this specific case, the body of the transducer 1 is made of stainless steel. The internal cavity 

35 containing the liquid 4 has a diameter of 6 mm and the stress concentration zone la has an external
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diameter of 16 mm.

The deformation amplification zone lb has an external diameter of 8 mm. The single-piece 

piezoelectric ceramic 2 is a PIC 255 (Physic Instruments) ceramic with an internal diameter of 8 mm, 

5 an external diameter of 16 mm and a thickness of 1 mm.

The lengths of the transducer 1 and of the deformation amplification zone lb are respectively 16 mm 

and 12 mm. The microperforated membrane 3 has been made of electroformed nickel provided with 

800 holes with a diameter of 5 pm. The thickness of the membrane is 50 pm and it has an external 

0 diameter of 8 mm. The dome has a height of 0.8 mm for a diameter of 5 mm. The membrane is fixed

to the transducer by gluing. The longitudinal modes concerned have respectively resonance 

frequencies of 77 kHz and 120 kHz.

In the embodiment according to figure 13, the micro-perforated membrane 3 has a cylindrical or

5 tubular geometry. The membrane is fixed on the one hand to the stress concentration zone la and on 

the other hand to the deformation amplification zone lb. In this case, the membrane vibrates 

according to a radial mode.

Figures 14 and 15 show exemplary embodiments that have given excellent results in terms of droplet 

Ό size and aerosol throughput. Figures 14A and 14B describe in perspective and in cross section a 

transducer 1 whose body has been made of stainless steel. The internal cavity containing the liquid 4 

has a diameter of 6 mm and the stress concentration zone la has a diameter of 16 mm. The reservoir 

fixing mechanism, in this specific configuration, takes the form of a rear mass 5 in which threading 

has been formed. The external diameter and the length of this rear mass are respectively 10 mm and 

25 8 mm. The single-piece piezoelectric ceramic 2 is a PIC 255 (Physic Instruments) ceramic with an

internal diameter of 8 mm, an external diameter of 16 mm and a thickness of 1 mm. The deformation 

amplification zone lb (or "horn") has an external diameter of 7 mm and a length of 12 mm.

The electrode 7 for electrically connecting the single-piece piezoelectric ceramic 2 is foil of stainless 

30 steel measuring 30 mm in diameter and 50 pm in thickness. The electroformed nickel membrane 3 

comprises 10 800 2 pm holes for a thickness of 20 pm. The atomizer has made it possible to obtain 

droplets with a size of 2 pm for a throughput of 0.6 ml/min for an operating frequency of 80 kHz.

Figures 15A and 15B describe in perspective and in cross section an atomizer whose transducer body 

35 1 has been made of stainless steel. The internal cavity containing the liquid 4 has a diameter that varies
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from 6 mm to 12 mm and the stress concentration zone la has a diameter of 20 mm. The reservoir

fixing mechanism, in this specific configuration, takes the form of a rear mass 5 in which threading

has been formed. The external diameter and the length of this rear mass are respectively 10 mm and

8 mm. The single-piece piezoelectric ceramic 2 is a PIC 255 (Physic Instruments) ceramic with an

5 internal diameter of 10 mm, an external diameter of 20 mm and a thickness of 1 mm. The deformation

amplification zone lb (or "horn") of conical shape has an external diameter that varies from 7 mm to

14 mm and a length of 9 mm.

The electrode 7 for electrically connecting the single-piece piezoelectric ceramic 2 is made of stainless 

.0 steel 30 mm in diameter and 50 pm thick. The electroformed nickel membrane 3 comprises 45 300

2 pm holes for a thickness of 20 pm. The atomizer has made it possible to obtain droplets with a size 

of 2 pm for a throughput of 2.5 ml/min for an operating frequency of 70 kHz.

Figures 16A and 16B describe an inhaler for delivering medicines by pulmonary pathway. This 

5 inhaler can take the form of a mouthpiece 16 associated with a T-shaped module 15 supplied, for 

example, by Intersurgical, in which is incorporated the atomizer that is the subject of the present 

invention. The atomizer is placed in the module 15 using a transducer cover 12. The reservoir 13 

provided with its plug 14 bears the transducer 1. The single-piece piezoelectric ceramic 2 is supplied 

with power by the electrode 7 in the form of a foil. The atomizer is supplied via cables 18. When the 

Ό atomizer is operating, the latter generates an aerosol inside the module 15. The patient inhales the 

aerosol generated in this way, via the mouthpiece 16.

Figures 17 describe another form of inhaler. Figure 17A represents an inhaler incorporating the 

atomizer that is the subject of the present invention in which the electronic module 19 is placed 

25 outside and is linked to the module 15 of the inhaler by a cable 18. This inhaler includes a mouthpiece

16, a reservoir 13 linked to the atomizer and a plug 14. Openings 17 have been formed in the module

15 to manage the airflows and the aerosol produced by the atomizer.

Figure 17B represents an inhaler in which the electronic module 19 is incorporated in the module 15 

30 of the "pocket" inhaler.

Figure 17C represents, in cross section, the inhaler of figure 17A. It shows the module 15 made, for 

example, of molded plastic, the tip 16 which can be removable and disposable after use, the transducer 

cover 12 which makes it possible to mount the atomizer in the module 15 and connect it to the 

35 electronic module 19 via the connector 20 and cable 18. The atomizer comprises the body of the
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transducer 1, the single-piece piezoelectric ceramic 2, the vibrating membrane 3, the electrode 7, the

ground return 11, the reservoir 13 and the plug 14. The aerosol is generated in the cavity of the

module 15 and sucked in by the patient through the mouthpiece 16.

5 Figure 18 is a cross section of an atomizer provided with a tube making it possible to evacuate air 

bubbles and a liquid presence sensor. This atomizer comprises a tubular transducer body 1, a single

piece piezoelectric ceramic 2, a micro-perforated vibrating membrane 3 and a rear mass 5 making it 

possible to fix the reservoir 13. The single-piece piezoelectric ceramic 2 is supplied with power by a 

cable 18 connected on the one hand to the ground return 11 and to the electrode 7. A tube 21, 

. 0 preferably made of plastic and for example with a diameter of 3 mm, is placed inside the liquid cavity

4 in a coaxial manner. When the liquid throughput of the atomizer becomes high, the membrane 3 

creates a depression such that air can penetrate inside the cavity containing the liquid 4. The formation 

of air bubbles at the level of the membrane 3 can block the formation of the aerosol and adversely 

affect the operation of the atomizer. The tube 21 makes it possible to evacuate the air bubbles by the

5 action of the capillary forces that it exerts on the air-liquid interface. This same tube 21 has at its 

center an electrically conducting wire 23, the end 22 of which is in direct or indirect electrical contact 

with the liquid. A low-frequency alternating electrical signal, preferably at 500 Hz, is transmitted to 

the conducting wire 23. Since the membrane 3 and the transducer body 1 are not at the same electrical 

potential, the result is a current due to the resistivity of the liquid present in the cavity 4. The existence 

!0 of this current corresponds to the presence of the liquid. The information originating from the liquid 

presence sensor 22 makes it possible to start or stop the operation of the atomizer automatically.

The invention is obviously not limited to the examples discussed hereinabove. Similarly, it is not 

limited to the medical field. The atomizer according to the invention can also be used as a diffuser of 

25 odors and perfume and/or in the application of cosmetic products. The invention also covers the 

diffusion of various liquid mists for local use (humidifiers or lubricators) or liquid handling devices 

for biotechnologies or reagents.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An ultrasound liquid atomizer comprising:

- a rigid piezoelectric transducer body having a first end defining an opening and a second end,

5 the inside of the piezoelectric transducer body comprising a cavity for containing a liquid to be

atomized and said body further comprising a symmetry axis,

- a micro-perforated membrane attached to said first end and covering said opening,

- a piezoelectric member adapted and arranged so as to vibrate the piezoelectric transducer 

body,

0 wherein the piezoelectric member is located toward said second end in order to vibrate the

piezoelectric transducer body in a direction parallel to its symmetry axis.

2. The atomizer as claimed in claim 1, wherein the section of the piezoelectric transducer body 

varies over its length.

.5

3. The atomizer as claimed in claim 2, wherein the section varies discontinuously.

4. The atomizer as claimed in claim 3, wherein the section varies abruptly at a single point.

10 5. The atomizer as claimed in claim 4, wherein the thickness of the walls of the piezoelectric

transducer body toward said second end is greater than the thickness of the walls of the 

piezoelectric transducer body toward the first end.

6. The atomizer as claimed in claim 5, wherein the piezoelectric transducer body is solid toward

25 said second end.

7. The atomizer as claimed in claim 5, wherein the piezoelectric transducer body is hollow toward 

said second end.

30 8. The atomizer as claimed in any one of claims 2, 3 or 4, wherein the internal diameter of the

piezoelectric transducer body is constant.

9. The atomizer as claimed in any one of claims 2, 3 or 4, wherein the internal diameter of the 

piezoelectric transducer body is variable.
35
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10. The atomizer as claimed in claim 9, wherein the internal diameter toward said first end is 

greater than the internal diameter toward said second end.

11. The atomizer as claimed in any one of the preceding claims, wherein the piezoelectric member

5 is located against the external face of said second end.

12. The atomizer as claimed in claim 11, comprising a rear mass located against the external face of 

the piezoelectric member .

[0 13. The atomizer as claimed in any one of claims 1 to 10, wherein the external diameter of the

piezoelectric transducer body is constant.

14. The atomizer as claimed in any one of claims 1 to 10, wherein the external diameter of the 

piezoelectric transducer body is variable.

[5

15. The atomizer as claimed in claim 14, wherein the external diameter toward said second end is 

greater than the external diameter toward said first end.

16. The atomizer as claimed in claim 15, of which the external face of the piezoelectric transducer

10 body is defined by a first diameter and a second diameter, the transition zone between the two

diameters forming an abrupt discontinuity.

17. The atomizer as claimed in claim 16, wherein the piezoelectric member is positioned in the 

discontinuity and bears on the portion of the piezoelectric transducer body that includes the

25 second end.

18. The atomizer as claimed in any one of the preceding claims, wherein the ratio between the 

length and the diameter of said cavity is greater than 0.5.

30 19. The atomizer as claimed in any one of the preceding claims, wherein the micro-perforated

membrane at least partially forms a protuberance making it possible to increase its rigidity.

20. The atomizer as claimed in any one of the preceding claims, wherein the micro-perforated 

membrane has a thickness between 20 and 200 pm and includes holes of a diameter between 

35 1 pm and 100 pm.
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0 21. The atomizer as claimed in any one of the preceding claims, wherein the piezoelectric member

is a multi-layer ceramic.

5 22. An ultrasound liquid atomizer substantially in accordance with any one of the embodiments

described in the detailed description of the invention with reference to the drawings.
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