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(57) Claim

1. A nebulizer which is adapted for producing finely 

divided aerosols having uniformly sized droplets, yet which is 

manually powered by hand gripping pressure, said nebulizer 

comprising:

a piezoelectric crystal;

means for manually deforming said crystal so as to 

generate a high voltage;

a projection constructed and arranged for being supplied 

with a flow of liquid to be atomized;

means for applying said voltage generated by said 

crystal to said projection’ and

means for controlling the voltage applied to said

.../2

projection so that the voltage generated by said crystal is not

applied to said projection when less than approximately 6 Kv.
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ς, The nebulizer of claim 6, wherein said means for 

electrically atomizing a liquid includes:

a capillary tube coupled to a liquid reservoir, and 

a neutralizing grid spaced apart from said capillary

tube.

U. The method of claim T , further comprising regulating 

said voltage to be less than a second value, said second value 

being greater than said predetermined value.
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(54)Title: NEBULIZER DEVICE

PRODUCT

(57) Abstract

The present invention relates to a portable nebulizer capable of producing a finely divided aerosol having uniformly sized 
droplets. The nebulizer includes a source of fluid (50) such as a capillary tube (40) coupled to a fluid reservoir (50) to which a 
high voltage is applied in order to generate the aerosol by electrical atomization. The nebulizer further includes a piezoelectric 
crystal (10) and a mechanism (16, 17, 18, 19, 20) for deforming the crystal (10) so as to generate the required voltage. By using 
electrical atomization to generate the aerosol and by piezoelectrically generating the voltage required for atomization, a nebulizer 
is provided which may be of small size So as to be suitable for hand held operations yet is capable of producing measured 
amounts of finely divided aerosols which are substantially monodispersed.
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NEBULIZER DEVICE

Background of the Invention
The present invention relates to devices for

atomizing liquids and more particularly to devices for
5 producing finely divided aerosols having uniformly sized 

droplets .
Finely divided aerosols have generally been produced 

by nebulizers employing compressed air to atomize fluids. 
These devices operate by allowing compressed air to escape

10 from a small orifice at the end of a tube at high velocity. 
The low pressure created in the exit region as a result of 
the bernoulli effect causes the fluid to be atomized to be 
drawn out of a second tube as a thin filament which is broken 
up into droplets of various small sizes as it is accelerated

15 in the airstream. This spray is then directed around an 
impaction surface on which the large droplets are 
preferentially deposited and whereby some uniformity is 
provided with respect to droplet size. However, most 
nebulizers operating with compressed air having difficulty

20 producing aerosols having particle sizes approaching one 
micron and cannot ordinarily generate aerosols which are 
sufficiently uniform in size so as to be "monodispersed".

Finely divided aerosols are highly useful in many 
applications and particularly in administering medications

25 which are pneumonically delivered to the patient by 
inhalation. Most "inhalators" used in dispensing medications 
are compressed air nebulizers of sufficiently small size to 
be suitable for hand-held use. However, in view of the 
characteristic limitations of such nebulizers and the further

30 limitations inherent in the small size of most inhalators, 
users of these devices have had great difficulty in providing 
aerosols having uniform particle size and in the related 
problem of providing consistent measured amounts of 
medication.
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- It is therefore an object of the present invention to 
provide a portable nebulizer capable of generating finely 
divided aerosols which are substantially monodispersed.

It is another object of the present invention to 
5 provide a nebulizer which may be small enough for hand-held 

use and yet provides aerosols of substantially uniform 
particle size while being capable of supplying medication in
consistently measured dosages.

It is a further object of the present invention to 
10 provide a nebulizer which may be powered by the hand gripping 

pressure of a user of the device and which is sufficiently
economical to construct so as to be disposable.

15

20

25

30

Summary of the Invention
The present invention comprises a portable hand-held 

nebulizer capable of generating aerosols characterized by 
uniformly-sized droplets of very small dimensions by 
electrical atomization. A piezoelectric crystal is 
constructed and arranged for being mechanically deformed in 
accordance with pressure applied to a trigger mechanism. The 
crystal is adapted for generating high voltages in response 
to such deformations. The crystal is electrically coupled to 
a capillary tube and a grid element which is spaced apart 
from the tip of the tube. The capillary tube is connected to 
a reservoir of fluid to be atomized so as to allow the fluid 
to be supplied up to the tip of the tube. The wxwfwirwk 
miibodlmant Of "tlTO present invention also includes a control 
circuit which regulates the output of this piezoelectric 
crystal in order to cut off the output below and/ above 
prescribed voltage limits.

In operation, the deformation of the piezoelectric 
crysta. produces a high voltage which is transmitted to and 
applied across the capillary tube and grid element. The 
electric field existing between the tip of the tube and the 
grid encourages the discharge of fluid from the tube. This
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fluid-is broken into a very large number of similarly sized 
droplets by the effects of the electric charges carried by 
the fluid and a "fan spray" aerosol is thereby formed. This 
process of electrical atomization furnishes an aerosol

5 consisting of large numbers of very fine particles having a 
high degree of uniformity. Such aerosols are highly useful 
in pneumonically administering medications and in many other 
applications.

The subject matter of the present invention is
10 particularly pointed out and distinctly claimed in the 

concluding portion of this specification. However, both the 
organization and method of operation, together with further 
advantages and objects thereof, may best be understood by 
reference to the following description taken in connection

15 with the accompanying drawing wherein like reference 
characters refer to like elements.

Brief Description of the Drawing
The drawing is a diagrammatic view illustrating the

overall system of the present invention.

20 Description of the Preferred Embodiment
Referring now to the drawing, the present invention

comprises a nebulizer device 5 including a piezoelectric 
ceramic crystal 10 of a conventional type such as a lead 
titanate-zirconate crystal. An impact element 20 is

25 positioned for engaging the surface 12 of the crystal 10 so 
that force F exerted on the element 20 can bend and deform 
the crystal 10. The electrical contacts 24 and 26 are 
attached to opposite faces on the longitudinal ends of the 
crystal 10 for picking up electrical potentials generated

30 across the crystal 10 by the deformation previously referred
to. The conductive leads 28 and 30 transmit the voltage from
the contacts 24 and 26 to the control circuit 32.
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_ The impact element 20 is connected by a mechanical 
linkage to a trigger mechanism 18 which may be conveniently 
depressed by hand gripping pressure exerted by a user of the 
device 5. The force applied by the user to the trigger

5 mechanism 18 is multiplied by the mechanical linkage and 
brought to bear on the crystal 10 by the impact element 20. 
The linkage suitably comprises a rigid lever arm with its 
fulcrum at 16 positioned more closely to element 20 than to 
trigger 18 (i.e., with arm 17 being substantially shorter

10 than arm 19). Alternatively, the mechanical linkage may 
comprise a rack and pinion system with the impact element 20 
being driven by a cam from the pinion. Such means for 
multiplying force are readily understood by those skilled in 
the art.

15 The control circuit 32 is operative for regulating
the voltage generated by the piezoelectric crystal 10 so that 
the electrical potential applied between the capillary tube 
40 and neutralization grid 42 over the electrically 
conductive leads 46 and 48 is maintained within the range of

2 0 6-10 Kv. In particular, the voltage is preferably not
applied between the tube 40 and grid 42 when it is less than 
about 6 Kv since this may detrimentally affect the uniformity 
of the aerosol. The control circuit 32 also provides a 
capacitive or storing function for storing and releasing

25 electrical charge in a well known manner so that the voltage 
supplied to tube 40 and grid 42 may be sustained beyond the 
actual period of depression of the trigger mechanism 18. The 
leads 46 and 48 transmit the electrical potential from the 
control circuit 32 to the tube 40 and grid 42, respectively,

30 with the positive potential being applied to the tube 40 
(and/or the fluid within the tube 40).

The reservoir 50 contains a fluid (and more
particularly a liquid) capable of being dispersed by
electrical atomization techniques, such as water or ethyl

35 alcohol, and is hydraulically connected to the capillary tube
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40 so-that the fluid from the reservoir 50 can flow up to the 
tip 44 of the tube 40. The inside diameter of the capillary- 
tube 40 is preferably in the range of 100-500 microns with 
its outside dimensions being as thin as possible consistent

5 with maintaining sufficient strength and rigidity. The 
capillary tube 40 preferably comprises a stainless steel tube 
such as a No. 25 hypodermic needle although the tube 40 may 
be constructed of glass or of a plastic such as 
tetrafluoroethylene. The fluid level in reservoir 50 should

10 be high enough to allow the fluid to reach the tip of tube 40 
by fluid flow or capillary action. Neutralization grid 42 is 
spaced apart by approximately 1.5 cm from the tip 44 of the 
capillary tube 40.

In operation, the user slowly presses the trigger
15 mechanism 18 which results in the crystal 10 being 

progressively deformed as more and more force is applied to 
the crystal 10 by impact element 20. The piezoelectric 
crystal 10 generates a voltage which may ordinarily range 
upward to 20 Kv and may be sustained in the range of 6-10 Kv

20 for a period of several seconds. The exact levels of voltage 
generated are a function of the force applied to the trigger, 
and the characteristics of the mechanical linkage 16, impact 
element 20, and the piezoelectric crystal 10 itself. These 
components may be adjusted to assist in achieving the desired

25 raw voltage output to the control circuit 32.
As previously described, the control circuit

desirably regulates the output of the crystal 10 so as to 
limit it within the range of 6-10 Kv and "lengthen" the 
period of time during which voltage is provided. The voltage

30 provided by the control circuit 32 is applied between the 
capillary tube 40 and neutralization grid 42. The resultant 
electric field existing between the pointed projection formed 
by the tip 44 of the tube 40 and grid 42 causes the 
generation of a fan spray aerosol composed of substantially

35 monodispersed droplets capable of exhibiting higher order
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Tyndall spectra. Droplets with sizes in the range of 0.2 to 
5 microns can be readily produced with droplet concentration 
levels approaching 10 particles per cubic centimeter.

The ability of the device 5 to produce a satisfactory
5 aerosol can, however, be dependent on the type of fluid which 

is desired to be dispersed. Fluids having either very low 
(e.g. benzene) or high (e.g. inorganic acids, salts) 
conductivities are difficult to disperse by electrical 
atomization. Furthermore, other characteristics of fluids

10 such as their dielectric constants, dipole moments and 
surface tensions may affect their ability to be electrically 
atomized. Consequently, when medications which are dissolved 
in solution are desired to be dispersed, appropriate vehicles 
should be chosen for solvating such medications for allowing

15 efficient atomization.
The nature of the aerosol produced by the device 5 is

a complex function of the applied voltage, the size and 
structure of the capillary tube 40, the spacing between the 
tube 40 and the grid 42, the hydrostatic pressure of liquid

20 at the tip 44 of the tube 40, and the characteristics of the 
liquid as previously discussed. These factors may be 
adjusted either individually or in combination to achieve the 
aerosol particle size and volume desired. In particular, the 
control circuit 32 is suitably used to insure that voltage

25 applied between the tube and grid is of consistent level and 
duration for aerosol generation, thereby resulting in 
measured dosages of medical products atomized by the device
5.

While a preferred embodiment of the present invention
30 has been shown and described, it will be apparent to those 

skilled in the art that many changes and modifications may be 
made without departing from the invention in its broader 
aspects. For example, more than one capillary tube may be 
employed in the same nebulizer device so as to increase the

35 volume of the aerosol produced as compared with a single tube
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nebul-izer device. By way of further example, the capillary 
tube may, under suitable conditions, be replaced by another 
type of pointed projection such as a short needle constructed 
and arranged so as to allow the liquid to be atomized as

5 otherwise supplied to its tip. The appended claims are 
therefore intended to cover such changes and modifications as 
fall within the true spirit and scope of the invention.
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CLAIMS

1. A nebulizer which is adapted for producing finely- 
divided aerosols having uniformly sized droplets, yet which is 
manually powered by hand gripping pressure, said nebulizer 
comprising:

a piezoelectric crystal;
means for manually deforming said crystal so as to 

generate a high voltage;
a projection constructed and arranged for being supplied 

with a flow of liquid to be atomized;
means for applying said voltage generated by said 

crystal to said projection] and
means for controlling the voltage applied to said 

projection so that the voltage generated by said crystal is not 
applied to said projection when less than approximately 6 Kv.

2. The nebulizer of claim 1 wherein said projection 
includes :

a capillary tube coupled to a fluid reservoir operative
for supplying the liquid to be atomized to the tube.

|v\aAuo>U<j

3. The nebulizer of claim 1, wherein means for^deforming 

said crystal includes:
a lever arm attached to a trigger mechanism

4. The nebulizer of claim 1, wherein said means for 
applying said voltage generated by said crystal includes:

a pair of electrical conductors coupled to opposing 
faces of said crystal, one of which is connected to a grid means

SUBSWE SKET 

IKMJI
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spaced apart from said projection, said projection being·

9 IPEA/US

substantially pointed.
5. The nebulizer of claim 1, wherein a grid electrodeis^^ 

positioned in spaced relation to the projection anci--returned to 
said means for applying voltage for attractingthe atomized 
liquid.

6. The nebulizer ofpihim 5, wherein said means for 
electrically atomizing a liquid includes a grid electrode 
posit. jjn^cMjn spaced relation with the atomizing means for 
electrically attracting the liquid.

The nebulizer of claim 1, wherein the means for 
controlling the voltage comprises means for controlling the 
duration of the application of said voltage in order to provide a 
predetermined dose of said aerosol.

(o. A portable nebulizer adapted for producing substantially 
monodispersed aerosols, said nebulizer comprising:

means for piezoelectrically generating a high voltage; 
means for electrically atomizing a liquid using said

piezoelectrically generated voltage; and
control circuit means for regulating the voltage

generated by said means for piezoelectrically generating a high 
voltage ih order to maintain the voltage as applied to said 
atomizing means within prescribed limits.

"ΐ.Χ'· The nebulizer of claim 6, wherein said means for 
piezoelectrically generating a high voltage includes:

a piezoelectric crystal; and

SUBSTITUTE' sheet 
IPEA/US
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means for deforming said crystal by using hand gripping
pressure exerted by a user of the nebulizer.

The nebulizer of claim 6, wherein said means for 
electrically atomizing a liquid includes:

a capillary tube coupled to a liquid reservoir, and 
a neutralizing grid spaced apart from said capillary

tube.
«3. A method of generating a substantially monodispersed 

aerosol, said method comprising:
dispensing a fluid from a small capillary; 
generating a voltage by exerting pressure on a

piezoelectric member;
electrically attracting said fluid outwardly from said 

capillary by applying said voltage, as said voltage exceeds a 
predetermined value and by regulating the value of said voltage, 
to said capillary with respect to a point of reference potential 
to form a fan spray of monodispersed fluid particles.
io. The method according to claim F) , including regulating 

φ said voltage to exceed 6 Kv.
U. The method of claim 8 , further comprising regulating 

said voltage to be less than a second value, said second talue 
being greater than said predetermined value.
ιχ·Χ. The method of claim , wherein said fluid is 

electrically attracted outwardly from said capillary by 
positioning a grid electrode in front of said spray and 
connecting the grid electrode to said point of reference

, potential.

Z **
substitute sheet

IPEA/UJ
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The method of claim 11, further including regulating the 

duration as well as the value of said voltage as applied to 

attract said fluid to provide a predetermined dose of said 

aerosol.

11¼ The method of claim 15, wherein said aerosol is a 

medicine for human inhalation.

>
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