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Description

FIELD OF THE INVENTION

[0001] The invention relates to a nebulizer comprising
a head and a body, the head being arranged for nebuliz-
ing a liquid and being detachably coupled to the body to
facilitate cleaning of the head. The invention further re-
lates to a nebulizer system comprising the nebulizer and
a personal computer which are coupled for data ex-
change. The invention further relates to a method of de-
tecting an inhaled or exhaled breath of a person using
the nebulizer and to a method of training a person in the
use of the nebulizer.

BACKGROUND OF THE INVENTION

[0002] Nebulizers are known in the art. See for exam-
ple http://ineb.respironics.com/ for a nebulizer of the ap-
plicant. A nebulizer works most efficient and causes the
least environmental pollution when it is breath activated.
When working breath activated, aerosol is only delivered
during inhalation and not during exhalation. An advanced
implementation of breath activated aerosol delivery is
known as Adaptive Aerosol Delivery or AAD, see for ex-
ample http://ineb.respironics.com/AAD.asp.
[0003] After use the nebulizer any remaining medicine
must be removed and the nebulizer must be cleaned well
before it can be used again. For example patients suf-
fering from Cystic Fibrosis are susceptible to infections
and any contamination of the nebulizer must be prevent-
ed. This requires that all parts that have been in contact
with a medication liquid and/or the inhaled or exhaled air
must be desinfectable using for example steam cleaning
or ethanol immersion.
[0004] It is an object of the invention to provide a neb-
ulizer that facilitates an easy and good cleaning.

SUMMARY OF THE INVENTION

[0005] The object is achieved with the nebulizer ac-
cording to claim 1. The nebulizer comprises a detachable
head to enable an easy disinfecting of the head. The
body does not suffer from a frequent cleaning with for
example steam cleaning which enhances the lifetime of
the body. By having the sensing means included in the
head instead of for example having a pressure sensor
included in the body and coupled with a separate channel
to the air channel the inhaled and exhaled breath are not
in contact with the body. Thus only the nebulizing means
and the air channel included in the head of the nebulizer
are in contact with the liquid, nebulized liquid or the in-
haled and exhaled breath of the user. This reduces pos-
sible sources of contamination. The controlling means
included in the body controls the nebulizing of the liquid.
[0006] The head comprises the medication chamber
which may be filled with a liquid, for example a dissolved
medication. The vibration source included in the head

transfers vibrations to the liquid such that the liquid is
ejected through the holes of the mesh to form small drop-
lets in the air channel.
[0007] For cleaning, the head may be opened to obtain
access to the parts (e.g. the nebulizing means) that may
contact the inhaled or exhaled breath, the liquid or the
nebulized liquid such as the air channel, the medication
chamber, the vibration source and the mesh.
[0008] The head and the body may be parts that are
coupled using a cable. The cable provides the energy
transfer or control signals from the body to the head as
well as the signal transfer from the sensing means (e.g.
flow sensor or pressure sensor) positioned in the head
to a controlling means included in the body. The signal
from the sensing means may be an analog or a digital
signal. In this embodiment the head is detachable from
the body by disconnecting of the cable from for example
only the head. This may for example be realized using a
plug - socket coupling between the cable and the head.
In use the body with the controlling means is for example
placed on the table and the cable is connected to the
head which is hold by the user. In this embodiment the
energy source (e.g. battery) is included in the body re-
sulting in a relative lightweight head.
[0009] In another embodiment of the nebulizer the
head and the body parts have a shape and/or mechanical
interface to enable a direct connection of the head to the
body to form one unit that is hold by the user. When the
head is clamped to the body also an electrical coupling
between the head and the body is established to enable
energy transfer from the body to the head and signal
transfer from the head to the body.
[0010] In a further embodiment the nebulizing of the
liquid is dependent on the signal received from the sens-
ing means.
[0011] In a further embodiment the sensing means
comprises a pressure sensor. The pressure in the air
channel drops during an inhalation and increases during
an exhalation. The signal of the pressure sensor can
therefore be used to distinguish between inhaling and
exhaling.
[0012] In a further embodiment the sensing means
comprises a flow sensor. The flow sensor detects the
flow in the air channel. With the signal of the flow sensor
inhaling and exhaling can be distinguished.
[0013] In yet a further embodiment of the nebulizer the
flow sensor is a thermal flow sensor device arranged to
sense a flow in the air channel which is caused by the
inhaled and exhaled breath of the user. The flow causes
a temperature gradient across the surface of the thermal
element that is included in the flow sensor device and
based on a temperature measurement the flow in the air
channel is sensed. For example the thermal element may
comprise a heating element with two temperature sens-
ing element at opposing sides of the heating element,
and all positioned in a same plane along which a flow
caused by the inhaled and exhaled breath passes.
[0014] The thermal flow sensor device may comprise
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an electrically driven thermal element on its front side
which faces the interior of the air channel. The inhaled
and exhaled breath causes a flow through the air channel
that passes the thermal element and causes a temper-
ature gradient which is detected by the thermal flow sen-
sor device and converted to the signal that is used by the
nebulizing controlling means which are included in the
body.
[0015] In yet a further embodiment the thermal flow
sensor device or the pressure sensor is built in a wall of
the air channel. Because of hygiene the thermal flow sen-
sor device or the pressure sensor may be integrated in
the wall thereby obtaining a smooth inner surface of the
air channel that may be cleaned easily. For example the
wall may have a recess with a shape that matches with
the dimensions of the thermal flow sensor device or pres-
sure sensor.
[0016] The pressure sensor may comprise an integrat-
ed circuit die. In an embodiment the pressure sensor is
a MEMS pressure sensor capable of providing a signal
that is dependent on the absolute pressure. MEMS or
Micro-Electro-Mechanical Systems refers to the integra-
tion of mechanical elements, sensors, actuators, and
electronics on a common silicon substrate through inte-
grated circuit (IC) process sequences (e.g. CMOS, Bi-
polar or BICMOS processes). The MEMS pressure sen-
sor comprises a capacitor of which a distance between
the plates is dependent on the pressure in the air channel.
For example a low pressure causes the distance to in-
crease and the capacitance to decrease. Likewise a high
pressure in the channel causes the distance to decrease
and the capacitance to increase.
[0017] The thermal flow sensor device may comprise
an integrated circuit die on which the thermal element is
integrated.
[0018] In an embodiment of the integrated circuit the
die has a component side on which the thermal element
is located and a back side on which the bondpads for
connecting the thermal element are located. When the
thermal flow sensor device is positioned in the recess in
the wall the component side of the die faces the interior
of the air channel. By having the bondpads accessible
from the backside of the integrated circuit die the space
needed for the bondpad and any connection to it do not
influence the flow of the inhaled and/or exhaled breath
along the thermal element. This improves the sensitivity
and performance of the thermal flow sensor device.
[0019] In a further embodiment of the integrated circuit
the heating element is realized as a polysilicon resistor
and the temperature sensing elements are realized as a
string of polysilicon-metal junctions. The manufacturing
of this heating and temperature sensing element requires
only a limited number of processing steps while the fea-
ture size of the used lithography may be relatively large.
[0020] In yet a further embodiment said die is glued
with its component side on a thin glass plate. The thick-
ness of the plate is chosen to have a low thermal resist-
ance and provides the die mechanical stability. Bond-

pads at the backside of the die are obtained using an
etching processing step of selected positions of the sub-
strate.
[0021] With a heating element flanked by two thermal
sensing elements, one at either side, a temperature dif-
ference caused by a flow can be measured. The sign
(positive or negative) of the measured temperature dif-
ference corresponds with the flow. Hence with this simple
thermal element an inhaled breath can be distinguished
from an exhaled breath, which may be used to obtain
AAD.
[0022] In yet a further embodiment of the nebulizer the
mesh is detachably coupled to the medication chamber.
This enables a replacement of the mesh as well as a
simple emptying of the medication chamber after use or
during cleaning of the head. After frequent use the mesh
performance may deteriorate, for example because res-
idues obstruct some percentage of the many small holes
of the mesh.
[0023] To prevent spillage when only a small amount
of medication liquid needs to be taken by the user the
medication chamber may be formed such that its volume
is small. This may be realized by placing the mesh close
to the vibration source such that they are separated from
each other by a small gap. The gap should still be large
enough to enable the vibration source to cause in use a
standing wave in the liquid filled medication chamber.
For efficient operation of the nebulizer the dimension of
the gap, the distance between the mesh and the vibration
source, should be approximately n*Lambda/2 [m],
wherein Lambda = v/f, v being the speed of a wave [m/s]
in the medication liquid caused by the vibration at a fre-
quency f [Hz] and n being an integer larger than 0. For
efficient operation and a medication chamber with a small
volume n is chosen in the range of 1 to 3.
[0024] When the head is coupled to the body an elec-
trical coupling between them is established to enable en-
ergy transfer from the body to the head and signal transfer
from the head to the body. This electrical coupling may
be realized with metal elements that contact each other
when the head is coupled to the body. However a fre-
quent cleaning of the head may result in a decreased
contact quality for example because of oxidation of the
metal. Or steam may enter the head through minuscule
channels between the metal and the plastic housing of
the head. In a further embodiment of the nebulizer the
electrical coupling between the body and the head is re-
alized with a magnetic field coupling between the head
and the body.
[0025] The head may comprise a receiver coil electri-
cally coupled to the vibration source and the body may
comprise a transmitter coil coupled to an AC current or
AC voltage source, the receiver and transmitter coil being
aligned such that when the head is attached to the body
the transmitter and receiver coil are magnetically cou-
pled. An AC current in the transmitter coil causes a mag-
netic field which on its turn causes a current in the receiver
coil, thereby providing a wireless powering of the head.
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[0026] To optimize the magnetic field coupling be-
tween the head and the body a split transformer may be
used. The split transformer comprises a core which is
split in at least two parts. The first part is included in the
head; the second part is included in the body. Each of
these two core parts has its corresponding winding.
When the head is attached to the body the two core parts
align and the split transformer operates as a transformer
having a core with two air splits.
[0027] As an example each part of the split core may
have a U shape. When the head is attached to the body
the ends of the legs of the two U shaped cores face each
other and have an air gap between them. The receiver
and transmitter coils each are wound around their re-
spective U shaped core. Other shaped cores like an E
shape may also be used to have for example two pairs
windings on the split transformer. A first pair comprises
a primary winding at a first E core on the transmitter side
in the body and a secondary winding at a second E core
at the receiver side in the head and may be used to trans-
fer a drive signal and energy for the vibration source. A
second pair comprising a further primary winding at the
first E core and a further secondary winding on the sec-
ond E core may be used to transfer energy for a flow
sensor supply which is included in the head to power the
flow sensor circuitry.
[0028] In the head the receiver coil may be coupled to
the vibration source, which for example is a piezo electric
element. The number of windings of the receiver and
transmitter coil may be different to obtain a predeter-
mined driving voltage for the piezo electric element. In
this embodiment the frequency of the AC current corre-
sponds to the vibration frequency of the piezo.
[0029] In a further embodiment the frequency of the
AC current is chosen above 1 MHz to obtain small di-
mensions for the split transformer and a narrow gap of
approximately Lambda/2 [m] between the mesh and the
vibration source to obtain medication chamber with a
small volume.
[0030] The signal from the flow sensor may be trans-
ferred from the head to the body with a magnetic field
and/or optical coupling between the head and the body.
[0031] In yet a further embodiment the nebulizer com-
prises communication means to provide a data exchange
with a personal computer (PC), the PC and the nebulizer
together forming the nebulizing system. The coupling be-
tween the nebulizer and the personal computer may be
wireless or wired, for example with a USB coupling. Flow
data dependent on the signal from the sensing means
may be transmitted by the communication means from
the nebulizer to the PC. Said flow data may be used to
train the person in the use of the nebulizer. For example
the nebulizer or the PC may give an instruction to the
person to inhale and/or exhale with his mouth coupled
to the mouthpiece of the nebulizer such that his inhaled
and/or exhaled breath causes a flow through the air chan-
nel. A programmed algorithm running on the PC inter-
prets the received flow data and gives visual and/or au-

dible feedback to the person such that the person is
trained before the person starts using the nebulizer with
medicine liquid.
[0032] In a further embodiment the visual and/or audi-
ble feedback is given by the nebulizer itself, the algorithm
interpreting the signal from the flow sensor being imple-
mented on the processor which is included in the neb-
ulizers’ body.
[0033] The invention further provides a method of de-
tecting the inhaled or exhaled breath of the person using
a nebulizer. The method includes the step of measuring
the flow in the air channel with sensing means in the
detachable head, the flow being caused by the inhaling
or exhaling of the person. While breathing the air channel
is coupled with the mouthpiece to the mouth of the person
causing the flow through the air channel.
[0034] Any additional features can be added, some are
described in more detail below. Any of the additional fea-
tures can be combined together and combined with any
of the aspects, as would be apparent to those skilled in
the art. Other advantages will be apparent to those skilled
in the art, especially over other prior art. Numerous var-
iations and modifications can be made without departing
from the claims of the present invention. Therefore, it
should be clearly understood that the form of the present
invention is illustrative only and is not intended to limit
the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] How the present invention may be put into effect
will now be described by way of example with reference
to the appended drawings, in which:

Fig. 1 shows an embodiment of a nebulizer accord-
ing to the invention;
Fig. 2 shows an embodiment of an air channel;
Fig. 3 shows an embodiment of an integrated circuit;
Fig. 4 shows an air channel with a thermal flow sen-
sor;
Fig. 5 shows a further embodiment of a nebulizer.

[0036] The drawings described are only schematic and
are non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn on scale
for illustrative purposes.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0037] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims.
[0038] Figure 1 shows a nebulizer 10 comprising a
head 20 and a body 30 wherein the head is detachable
from the body to facilitate for example steam cleaning of
the head after use. The body comprising controlling
means 60, 62 may be rinsed to clean it. Steam cleaning
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is not necessary as the body has no direct contact with
a medication liquid or inhaled 5 or exhaled 7 breath. This
is advantageous for the expected lifetime of the body as
the steam can have a detrimental effect on electronic
circuits such as the controlling means that are included
in the body. The head comprises a medication chamber
40, a vibration source 44 such as a piezo electric element,
a mesh 42 and an air channel 50. The vibration source
is activated by the driving circuit 60 to cause a standing
wave in the liquid. The liquid may for example comprise
a medication dissolved in water and is also referred to
as medication liquid. The standing wave between the vi-
bration source and the mesh causes the ejection of drop-
lets in the air channel. The air channel ends at one side
in a mouthpiece 70 and at the other side in an ambient
port 51 which is in open contact with ambient air. A user
puts the mouthpiece 70 against his mouth and inhales 5
and exhales 7 causing a flow through the air channel.
The inhaling and exhaling is detected by the sensing
means 52 and an output of the sensing is coupled to the
controlling means 60, 62. A signal 54 indicative of the
inhaling and exhaling is used by the controlling means
to synchronize the driving circuit 60 with the breathing
such that for example during exhaling the nebulizing of
the medication liquid is interrupted. To allow cleaning the
head can be opened, for example along line 43, to allow
access to the interior of the air channel as well as to the
mesh 42. The mesh is detachable from the medication
chamber such that also the interior of the medication
chamber may be cleaned. A further advantage of a de-
tachably coupled mesh is that it can be replaced when
its performance has worsened for example because a
predetermined percentage of the plurality of holes in the
mesh has become obstructed.
[0039] When the head is coupled to the body an elec-
trical connection between the piezo driving circuit 60 and
the vibration source 44 and between the flow sensor 52
and a processor 62 is obtained. The processor deter-
mines the driving frequency and duty cycle of a driving
signal 45 which is provided by the driving circuit 60 to the
vibration source 44. The electrical coupling may be real-
ized with a "plug-socket" type of connection. For durability
and reliability it may be advantageous to have a magnetic
field coupling which is discussed later. The processor 62
and the sensing means 52 may further have an optical
coupling which does not suffer from a possible interfer-
ence caused by the magnetic field.
[0040] In Fig. 1 the nebulizing means may comprise a
cylindrical shaped medication chamber 40 having a de-
tachably coupled mesh at one side and a piezo electric
element glued to it at the other side. The volume of the
medication chamber is preferably small to prevent that a
relative large amount of left medicine needs to be re-
moved when cleaning the head. The volume can be min-
imized by reducing the distance or gap between the mesh
and the piezo electric element. However to obtain a
standing wave between the piezo electric element and
the mesh the distance should not be smaller than ap-

proximately λ/2 [m], wherein λ is the wavelength. The
wavelength is dependent on the frequency of the vibra-
tion and the propagation speed in the medicine. For ef-
ficient operation and a medication chamber with a small
volume the distance between the mesh and the piezo
electric element is approximately λ/2 [m], λ [m] or 3λ/2
[m]. In a further embodiment of the nebulizing means the
mesh 42 has a concave shape to obtain an improved
dispersion of the cloud of droplets in the air channel.
[0041] In the invention the flow caused by an inhaling
or exhaling user is detected by sensing means 52 which
are included in the head 20 of the nebulizer. In a further
embodiment the sensing means 52 are positioned to de-
tect the flow in a portion of the air channel 50 between
the medication chamber 40 and the ambient port 51
which has a smaller cross section than a further portion
of the air channel between the medication chamber and
the mouthpiece 70. By measuring the flow in the narrower
portion of the air channel the signal 54 from the sensing
means provides a better representation of the actual flow
in the air channel. Further the value of the flow will be
higher in the narrower portion thereby enhancing the sen-
sitivity of the flow measurement.
[0042] The sensing means 52 may for example com-
prise a pressure sensor that measures the pressure in
the air channel 50. The pressure changes during inhaling
5 or exhaling 7 of the user and therefore the pressure
sensor enables the detection of the flow in the air channel.
[0043] In a further embodiment the sensing means
may comprise a flow sensor. The flow sensor may for
example comprise a valve that moves as a result of the
flow in the air channel. The movement of the valve may
be used to distinguish between an inhaling and exhaling
breath.
[0044] In a further embodiment the flow sensor com-
prises a thermal element and senses the flow caused by
the inhaled and exhaled breath based on a temperature
measurement. Such a flow sensor is referred to as a ther-
mal flow sensor device and has the advantage of not
comprising any moving parts.
[0045] Figure 1 further shows a nebulizing system
comprising the nebulizer 10 and a personal computer
(PC) 92. The nebulizer comprises communication means
90 which enable a data exchange with the personal com-
puter 92. In an embodiment of the system the user may
couple the nebulizer with a USB cable 91 to his PC. The
coupling may however also be wireless. A program on
the PC may be used to train the person in the use of the
nebulizer. For example the user may need to be trained
in inhaling and exhaling having the nebulizer pressed
against his mouth. In the training method the person is
asked to inhale and exhale through air channel 50 of the
nebulizer. The instruction for inhaling 5 and/or exhaling
7 may be shown on the screen of the PC. The sensing
means 52 measure the flow caused by the inhaling and
exhaling of the person and data corresponding to the
measured flow is transmitted with the communication
means 90 to the PC. In response to the received data
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feedback is given to the person. This feedback may com-
prise further instructions such as for example to breathe
slower or deeper.
[0046] In a further embodiment the training method is
implemented in the processor 62 of the nebulizer 10. The
instructions to the person may be given audible. Feed-
back may also be given audible, for example in terms of
a sound indicating a pass when the inhaling and exhaling
complied with predetermined criteria or a fail when during
the training the breathing did not comply with the prede-
termined criteria. In a further embodiment feedback is
given visually for example on a LCD screen on the neb-
ulizer body 30. The LCD screen may display for example
further instructions to breathe slower or deeper.
[0047] Figure 2 shows a portion of the air channel 50.
The inhaled 5 and exhaled 7 breath cause a flow through
the air channel which is detected with a thermal flow sen-
sor device 53. The thermal flow sensor device may for
example be positioned in a recess in the wall 58. After
use the air channel may be cleaned by opening the head
as discussed earlier. To prevent any residue the surface
of the flow sensor device preferably matches with the
wall 58 surrounding it to obtain a smooth interior in the
air channel. The thermal element on the flow sensor de-
vice may comprise a thermal heating element 56a and
two thermal sensor elements 56b surrounding it. In case
there is no flow the two thermal sensor elements 56b will
both measure approximately the same temperature. In
case the left thermal sensor element measures a higher
temperature than the right thermal sensor element the
flow must be from right to left as the flow transports the
heat produced by the thermal heating element 56a caus-
ing a small rise in temperature of the left thermal sensing
element. Hence the detected flow was caused by an in-
haling breath 5 of the user. Likewise the exhaling is de-
tected by the thermal flow sensor device.
[0048] In a further embodiment the flow sensor detects
not only the direction of the flow in the air channel but
also its rate. When a detected rate is above or below a
predetermined threshold the controlling means may give
a warning to the user. In a further embodiment the neb-
ulizer may be put in a training mode in which no atomi-
zation of the medicine takes place and the user is in-
structed to inhale and exhale whereby the controlling
means give a warning when the inhaling or exhaling is
causing a too large or too small flow for the nebulizer to
work effectively.
[0049] Figure 3 shows a cross section of a portion of
a processed integrated circuit 130 that is part of the ther-
mal flow sensor device 53. Facing upwards is the com-
ponent side comprising a polysilicon (PS) resistor 300
that is connected with a metal track 600. On top of the
polysilicon resistor other layers may be formed such as
a further metal layer 750 which can be used to tune ther-
mal conductivity. The metal track 600 contacts the sub-
strate 200 through a contact hole (CO) and after the back
side etching of the substrate the backside (the side facing
downward) of the metal track is accessible and forms a

bonding area or bondpad at the backside of the die. With
the shown bonding 160 at the bondpad a connection with
one of the two terminals of the PS resistor is realized.
[0050] Before the etching of the substrate takes place
the die is connected via a glue layer 1000 to an electrical
insulating substrate 900 such as glass. The thin layer
(typically 400 micrometer) of glass provides a good ther-
mal conductivity to the PS resistor. Further the glass layer
provides mechanical stability to the die to enable the etch-
ing through the substrate to the metal track.
[0051] The integrated circuit 130 further comprises
thermal sensing elements surrounding the heating ele-
ment. A temperature difference between any two thermal
sensing elements may be used to determine the flow
direction in the air channel. The thermal sensing element
may for example comprise a PN junction of which the
forward voltage is dependent on temperature. In a further
embodiment the thermal sensing element comprises a
string of thermocouples, each thermocouple comprising
a polysilicon - metal junction. This provides the advan-
tage that no additional layers and processing is required
to obtain the thermal sensing element as it is made in
the same process steps as the polysilicon resistor 300
and the metal track 600 and can be connected from the
backside in the same way as the PS resistor as discussed
earlier.
[0052] In a further embodiment the thermal flow sensor
device 52 in the air channel 50 is calibrated using a pre-
determined flow with a known direction and rate. The
detected temperature differences sensed by the thermal
sensing elements are stored in a look up table. The look
up table may for example be stored in a memory com-
prised in the controlling means 60, 62. In use the tem-
perature differences sensed by the thermal flow sensor
device 53 are compared with stored values from the look
up table to determine the flow rate in the air channel.
[0053] The above discussed calibration method is also
applicable for other sensing means such as a pressure
sensor.
[0054] Figure 4 shows a further cross section of a por-
tion of a processed integrated circuit 130 with a different
implementation of the back side contacting. As in Fig. 3
the thermal heating element is realized with a PS resistor
300 that is connected to a metal track 600. The substrate
200 in this implementation is however highly doped and
therefore low resistive. As discussed earlier the wafer
(containing a plurality of the dies) is bonded (using glue
1000) to a glass layer 900. The backside of the wafer
obtains a metal layer 210 on the substrate and is subse-
quently etched resulting in "electrically isolated pillars"
240 to remain. Shown is a pillar 240 that connects via
the metal track 600 to a terminal of the PS resistor 300.
The metal on the pillars forms bondpads and can be con-
tacted with wire bonding or can be connected to pads on
a printed circuit board (PCB) 290 using stud bumps. An
adhesive 330 is applied between the PCB and the inte-
grated circuit die 130 to prevent penetration of dirt or
vapor. The thermal flow sensor device comprises the as-
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sembly of the integrated circuit 130 die and the PCB 290.
The assembly is mounted in a window in the wall 58 of
the air channel and sealed to prevent leakage. The glass
layer 900 faces the interior of the air channel. In a further
embodiment the wall 58 has a locally thinned part in which
the assembly is fitted such that the thinned part separates
the integrated circuit die from the interior of the air chan-
nel. The thinned part provides an improved barrier to re-
duce a risk of leakage or contamination.
[0055] Figure 5 shows a further embodiment of the
nebulizer in which only those parts relevant for the dis-
cussion are shown. In this embodiment the driver circuit
60 activates the vibration source 44 using a magnetic
field coupling between the body 30 and the head 20. This
provides the advantage that no electrical contacts are
accessible at the exterior of the head and the body. Elec-
trical contacts at the exterior may damage due to frequent
decoupling of the head and the body or by frequent steam
cleaning of the head. The magnetic field coupling com-
prises two U shaped cores 70, 71 of which the legs are
aligned when the head is detachably coupled to the body.
When aligned the two U shaped cores make up a split
transformer having a primary winding 72 coupled to the
driving circuit 60 and a secondary winding 73 coupled to
the vibration source 44, which for example is a piezo
electric element. The winding ratio of the secondary and
primary winding can be used to obtain a predetermined
driving voltage for the piezo electric element. The fre-
quency of a current provided by the driving circuit 60 and
passing through the primary winding 72 determines the
vibration frequency and hence can be used to control the
nebulizing of the liquid in the medication chamber. To
obtain small dimensions for the split transformer the driv-
ing circuit should provide a relative high frequent (e.g.
above 1 MHz) AC drive current through the primary wind-
ing 72. Having the secondary winding 73 driving the piezo
electric element 44 said relative high frequency may fur-
ther be used to provide the additional advantage of a
relative narrow minimal gap of λ/2 [m], λ [m] or 3λ/2 [m]
between the piezo electric element 44 and the mesh 42
resulting in the medication chamber having a relative
small volume.
[0056] In a further embodiment the sensing means in-
cluded in the nebulizers’ head 20 is implemented as a
thermal flow sensor device 52 or MEMS pressure sensor
mounted in a recess of the air channel. The supply for
the sensing means is also obtained with a magnetic field
coupling between the head and the body. The split trans-
former comprises an additional secondary winding for
powering the sensing means.
[0057] In a further embodiment the split transformer
comprises two E shaped cores. The split transformer may
have an additional primary winding coupled with a mag-
netic field coupling to the additional secondary winding.
The additional primary and secondary windings for pro-
viding energy to the sensing means are each made
across the center leg of its corresponding E shaped core
whereas the primary and secondary winding for the piezo

drive are arranged on the outer legs of the E shaped core.
This arrangement provides a separation between the pri-
mary winding and the additional primary winding, and
between the secondary and additional secondary wind-
ing resulting in a reduced interference.
[0058] Where the term "comprising" is used in the
present description and claims, it does not exclude other
elements or steps. Where an indefinite or definite article
is used when referring to a singular noun e.g. "a" or "an",
"the", this includes a plural of that noun unless something
else is specifically stated.
[0059] The term "comprising", used in the claims,
should not be interpreted as being restricted to the means
listed thereafter; it does not exclude other elements or
steps. Thus, the scope of the expression "a device com-
prising means A and B" should not be limited to devices
consisting only of components A and B. It means that
with respect to the present invention, the only relevant
components of the device are A and B.
[0060] Furthermore, the terms first, second, third and
the like in the description and in the claims, are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.
It is to be understood that the terms so used are inter-
changeable under appropriate circumstances and that
the embodiments of the invention described herein are
capable of operation in other sequences than described
or illustrated herein.
[0061] Moreover, the terms top, bottom, over, under
and the like in the description and the claims are used
for descriptive purposes and not necessarily for describ-
ing relative positions. It is to be understood that the terms
so used are interchangeable under appropriate circum-
stances and that the embodiments of the invention de-
scribed herein are capable of operation in other orienta-
tions than described or illustrated herein.

Claims

1. A nebulizer (10) comprising a head (20), the head
comprising nebulizing means (40, 42, 44) for neb-
ulizing a liquid, an air channel (50) in which the neb-
ulized liquid is released, the air channel being ar-
ranged to guide a flow caused by an inhaled (5) and
exhaled (7) breath of a user, the nebulizing means
(40, 42, 44) comprising a medication chamber (40)
for holding the liquid, a vibration source (44) ar-
ranged to transfer vibrations to the liquid, and a mesh
(42), wherein the air channel (50) is arranged to
guide the flow along the mesh, the head further com-
prising sensing means (52) arranged to detect the
flow, wherein all components of the nebulizer that
are in contact with the liquid and inhaled and exhaled
breath of the user are located in the head of the neb-
ulizer, the nebulizer further comprising a body (30)
detachably coupled to the head, the body comprising
controlling means (60, 62) arranged for controlling
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the nebulizing means, the controlling means includ-
ing driving circuitry (60) for controlling the vibration
source (44).

2. A nebulizer according to claim 1 wherein the control-
ling means (60, 62) are arranged to energize the
vibration source (44) in dependence of a signal (54)
received from the sensing means (52).

3. A nebulizer according to claim 2 wherein the signal
(54) corresponds only with a direction of the flow in
the air channel (50).

4. A nebulizer (10) according to any one of claims 1-3
wherein the sensing means (52) comprise a pres-
sure sensor arranged to sense the flow based on a
pressure measurement or a thermal flow sensor de-
vice (53) arranged to sense the flow based on a tem-
perature measurement.

5. A nebulizer (10) according to claim 4 wherein the
thermal flow sensor device (53) comprises an elec-
trically driven thermal element (56a, 56b) on a front
side (8) of the thermal flow sensor device, the front
side facing the interior of the air channel (50).

6. A nebulizer (10) according to claim 5 wherein the
thermal flow sensor device (53) comprises an inte-
grated circuit die (130), the integrated circuit die fur-
ther comprising the electrically driven thermal ele-
ment (300) on the front side and one or more bond-
pads at its backside, the one or more bondpads being
electrically coupled to the thermal element.

7. A nebulizer (10) according to claim 5 or 6 wherein
the thermal element (300) comprises a heating ele-
ment (56a) and at least two temperature sensing el-
ements (56b).

8. A nebulizer (10) according to any one of claims 5 to
7 wherein the air channel (50) comprises a wall (58),
the wall having a recess in which the thermal flow
sensor device (53) is mounted with the electrically
driven thermal element (56a, 56b) facing the air
channel (50).

9. A nebulizer (10) according to any one of claims 1 to
8 wherein the mesh (42) is detachably coupled to
the medication chamber (40).

10. A nebulizer (10) according to any one of claims 1 to
9 wherein the medication chamber (40) is formed
such that the mesh (42) is separated from the vibra-
tion source (44) by a gap, the vibration source being
arranged to vibrate at a frequency f, the mesh being
separated from the vibration source by the gap form-
ing a distance between the mesh and the vibration
source of substantially Lambda/2, wherein Lambda

= v/f, v being the speed of a wave in the liquid caused
by the vibration at frequency f.

11. A nebulizer (10) according to any one of claims 1 to
10 wherein an electrical energy source is arranged
to transfer energy from the body (30) to the head
(20) to energize the vibration source (40) and/or the
flow sensor (52) using a magnetic field coupling be-
tween the head and the body.

12. A nebulizer (10) according to any one of claims 1 to
11 wherein the signal (54) from the flow sensor (52)
is transferred from the head (20) to the body (30)
with a magnetic field and/or optical coupling between
the head and the body.

13. A nebulizing system comprising a nebulizer (10) ac-
cording to any one of claims 1-12 and a personal
computer (92), wherein the nebulizer further com-
prises communication means (90) arranged for a da-
ta exchange (91) with the personal computer.

14. A method of detecting an inhaled (5) or exhaled (7)
breath of a person using a nebulizer (10), the method
comprising the step of measuring with sensing
means (52) a flow in an air channel (50), the flow
being caused by the inhaled or exhaled breath of the
person, the air channel being arranged to guide the
flow, the sensing means and the air channel being
included in a head (20) of the nebulizer, the head
further comprising nebulizing means (42, 40, 44) ar-
ranged for nebulizing of a liquid and releasing the
nebulized liquid in the air channel, the nebulizing
means (40, 42, 44) comprising a medication cham-
ber (40) for holding the liquid, a vibration source (44)
arranged to transfer vibrations to the liquid, and a
mesh (42), wherein the air channel (50) is arranged
to guide the flow along the mesh, wherein all com-
ponents of the nebulizer that are in contact with the
liquid and inhaled and exhaled breath of the user are
located in the head of the nebulizer, the nebulizer
further comprising a body (30) detachably coupled
to the head, the body comprising controlling means
(60, 62) arranged for controlling the nebulizing
means, the controlling means including driving cir-
cuitry (60) for controlling the vibration source (44).

15. A method of training a person in the use of a neb-
ulizer, the method comprising the method of claim
14 and further comprising: the step of providing an
instruction to the person to inhale (5) and/or exhale
(7), and the step of providing audible and/or visual
feedback to the person on his inhaling and/or exhal-
ing in dependence of a signal (54) received from the
sensing means (52).
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Patentansprüche

1. Vernebler (10) mit einem Kopfteil (20), wobei der
Kopfteil Folgendes umfasst:

Vernebelungsmittel (40, 42, 44) zum Vernebeln
einer Flüssigkeit, einen Luftkanal (50), in dem
die vernebelte Flüssigkeit freigesetzt wird, wo-
bei der Luftkanal so angeordnet ist, dass er eine
durch die eingeatmete (5) und ausgeatmete (7)
Luft eines Benutzers verursachte Strömung
lenkt, wobei die Vernebelungsmittel (40, 42, 44)
eine Medikamentenkammer (40) zum Spei-
chern der Flüssigkeit, eine Schwingungsquelle
(44), die so ausgelegt ist, dass sie Schwingun-
gen auf die Flüssigkeit überträgt, und eine Mem-
bran (42) umfassen, wobei der Luftkanal (50) so
ausgelegt ist, dass er die Strömung entlang der
Membran lenkt, wobei der Kopfteil ferner Sen-
sormittel (52) umfasst, die so ausgelegt sind,
dass sie die Strömung erkennen, wobei sich alle
Komponenten des Verneblers, die in Kontakt mit
der Flüssigkeit und der eingeatmeten und aus-
geatmeten Luft des Benutzers sind, im Kopfteil
des Verneblers befinden, wobei der Vernebler
ferner einen Hauptteil (30) umfasst, der lösbar
mit dem Kopfteil verbunden ist, wobei der Haupt-
teil Steuermittel (60, 62) umfasst, die so ausge-
legt sind, dass sie die Verneblungsmittel steu-
ern, wobei die Steuermittel eine Antriebsschal-
tung (60) zur Steuerung der Schwingungsquelle
(44) umfassen.

2. Vernebler nach Anspruch 1, wobei die Steuermittel
(60, 62) so ausgelegt sind, dass sie die Schwin-
gungsquelle (44) in Abhängigkeit von einem von den
Sensormittel (52) empfangenen Signal (54) mit
Spannung versorgen.

3. Vernebler nach Anspruch 2, wobei das Signal (54)
lediglich mit einer Richtung der Strömung in dem
Luftkanal (50) übereinstimmt.

4. Vernebler (10) nach einem der Ansprüche 1 bis 3,
wobei die Sensormittel (52) einen Drucksensor, der
so ausgelegt ist, dass er die Strömung auf der Grund-
lage eines Druckmesswertes erkennt, oder einen
thermischen Durchflusssensor (53), der so ausge-
legt ist, dass er die Strömung auf der Grundlage ei-
nes Temperaturmesswertes erkennt, umfassen.

5. Vernebler (10) nach Anspruch 4, wobei der thermi-
sche Durchflusssensor (53) ein elektrisch betriebe-
nes Thermoelement (56a, 56b) auf der Vorderseite
(8) des thermischen Durchflusssensors umfasst,
wobei die Vorderseite dem Innern des Luftkanals
(50) zugewandt ist.

6. Vernebler (10) nach Anspruch 5, wobei der thermi-
sche Durchflusssensor (53) einen integrierten
Schaltkreis (130) umfasst, wobei der integrierte
Schaltkreis ferner auf der Vorderseite das elektri-
sche betriebene Thermoelement (300) und auf sei-
ner Rückseite einen oder mehrere Bondinseln um-
fasst, wobei die eine oder mehreren Bondinseln
elektrisch mit dem Thermoelement gekoppelt sind.

7. Vernebler (10) nach Anspruch 5 oder 6, wobei das
Thermoelement (300) ein Heizelement (56a) und zu-
mindest zwei Temperatursensoren (56b) umfasst.

8. Vernebler (10) nach einem der Ansprüche 5 bis 7,
wobei der Luftkanal (50) eine Wand (58) umfasst,
wobei die Wand eine Aussparung aufweist, in die
der thermische Durchflusssensor (53) montiert ist,
wobei das elektrisch betriebene Thermoelement
(56a, 56b) dem Luftkanal (50) zugewandt ist.

9. Vernebler (10) nach einem der Ansprüche 1 bis 8,
wobei die Membran (42) lösbar mit der Medikamen-
tenkammer verbunden (40) ist.

10. Vernebler (10) nach einem der Ansprüche 1 bis 9,
wobei die Medikamentenkammer (40) so ausgebil-
det ist, dass die Membran (42) von der Schwin-
gungsquelle (44) durch einen Spalt getrennt ist, wo-
bei die Schwingungsquelle so ausgelegt ist, dass sie
mit einer Frequenz f schwingt, wobei die Membran
von der Schwingungsquelle durch den Spalt ge-
trennt ist, der einen Abstand zwischen der Membran
und der Schwingungsquelle von im Wesentlichen
Lambda/2 bildet, wobei Lambda = v/f, wobei v die
Geschwindigkeit einer Welle in der Flüssigkeit ist,
die durch die Schwingung mit der Frequenz f verur-
sacht wird.

11. Vernebler (10) nach einem der Ansprüche 1 bis 10,
wobei eine elektrische Energiequelle so ausgelegt
ist, dass sie unter Verwendung einer Magnetfeld-
kopplung zwischen dem Kopfteilteil und dem Haupt-
teil Energie von dem Hauptteil (30) zu dem Kopfteil
(20) überträgt, um die Schwingungsquelle (40) und/
oder den Durchflusssensor (52) unter Spannung zu
setzen.

12. Vernebler (10) nach einem der Ansprüche 1 bis 11,
wobei das Signal (54) von dem Durchflusssensor
(52) mit einer Magnetfeldkopplung und/oder einer
optischen Kopplung zwischen dem Kopfteil und dem
Hauptteil von dem Kopfteil (20) zu dem Hauptteil (30)
übertragen wird.

13. Verneblungssystem, das einen Vernebler (10) nach
einem der Ansprüche 1 bis 12 und einen Personal
Computer (92) umfasst, wobei der Vernebler ferner
Kommunikationsmittel (90) umfasst, die für den Da-
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tenaustausch (91) mit dem Personal Computer aus-
gelegt sind.

14. Verfahren zum Detektieren von eingeatmeter (5)
oder ausgeatmeter (7) Luft einer Person unter Ver-
wendung eines Verneblers (10), wobei das Verfah-
ren den Schritt des Messens mit Sensormitteln (52)
einer Strömung in einem Luftkanal (50) umfasst, wo-
bei die Strömung durch die eingeatmete oder aus-
geatmete Luft der Person verursacht wird, wobei der
Luftkanal so ausgelegt ist, dass er die Strömung
lenkt, wobei die Sensormittel und der Luftkanal in
einem Kopfteil (20) des Verneblers enthalten sind,
wobei der Kopfteil ferner Verneblungsmittel (42, 40,
44) umfasst, die für das Vernebeln einer Flüssigkeit
und das Freisetzen der vernebelten Flüssigkeit in
den Luftkanal ausgelegt sind, wobei die Verneb-
lungsmittel (40, 42, 44) eine Medikamentenkammer
(40) zum Speichern der Flüssigkeit, eine Schwin-
gungsquelle (44), die so ausgelegt ist, dass sie
Schwingungen auf die Flüssigkeit überträgt, und ei-
ne Membran (42) umfassen, wobei der Luftkanal
(50) so ausgelegt ist, dass er die Strömung entlang
der Membran lenkt, wobei sich alle Komponenten
des Verneblers, die in Kontakt mit der Flüssigkeit
und der eingeatmeten und ausgeatmeten Luft des
Benutzers sind, im Kopfteil des Verneblers befinden,
wobei der Vernebler ferner einen Hauptteil (30) um-
fasst, der lösbar mit dem Kopfteil verbunden ist, wo-
bei der Hauptteil Steuermittel (60, 62) umfasst, die
so ausgelegt sind, dass sie die Verneblungsmittel
steuern, wobei die Steuermittel eine Antriebsschal-
tung (60) zur Steuerung der Schwingungsquelle (44)
umfassen.

15. Verfahren zum Trainieren einer Person in der Ver-
wendung eines Verneblers, wobei das Verfahren
das Verfahren nach Anspruch 14 und ferner Folgen-
des umfasst: den Schritt der Bereitstellung einer An-
weisung an die Person einzuatmen (5) und/oder aus-
zuatmen (7) und den Schritt der Bereitstellung einer
akustischen und/oder optischen Rückmeldung für
die Person zu ihrem Einatmen und/oder Ausatmen
in Abhängigkeit von einem von den Sensormitteln
(52) empfangenen Signal (54).

Revendications

1. Nébuliseur (10) comprenant une tête (20), la tête
comprenant des moyens de nébulisation (40, 42, 44)
pour nébuliser un liquide, un canal d’air (50) dans
lequel le liquide nébulisé est libéré, le canal d’air
étant agencé pour guider un flux entraîné par un
souffle inhalé (5) et exhalé (7) d’un utilisateur, les
moyens de nébulisation (40, 42, 44) comprenant une
chambre à médicament (40) pour contenir le liquide,
une source de vibrations (44) agencée pour trans-

férer des vibrations au liquide, et une maille (42),
dans lequel le canal d’air (50) est agencé pour guider
le flux le long de la maille, la tête comprenant en
outre des moyens de détection (52) agencés pour
détecter le flux, dans lequel tous les composants du
nébuliseur qui sont en contact avec le liquide et le
souffle inhalé et exhalé de l’utilisateur sont situés
dans la tête du nébuliseur, le nébuliseur comprenant
en outre un corps (30) accouplé de façon amovible
avec la tête, le corps comprenant des moyens de
commande (60, 62) agencés pour commander les
moyens de nébulisation, les moyens de commande
comprenant une circuiterie d’excitation (60) pour
commander la source de vibrations (44).

2. Nébuliseur selon la revendication 1, dans lequel les
moyens de commande (60, 62) sont agencés pour
mettre sous tension la source de vibrations (44) en
fonction d’un signal (54) reçu à partir des moyens
de détection (52).

3. Nébuliseur selon la revendication 2, dans lequel le
signal (54) correspond seulement à une direction du
flux dans le canal d’air (50).

4. Nébuliseur (10) selon une quelconque des revendi-
cations 1 à 3, dans lequel les moyens de détection
(52) comprennent un capteur de pression agencé
pour détecter le flux en fonction d’une mesure de
pression ou un dispositif capteur de flux thermique
(53) agencé pour détecter le flux en fonction d’une
mesure de température.

5. Nébuliseur (10) selon la revendication 4, dans lequel
le dispositif capteur de flux thermique (53) comprend
un élément thermique entraîné électriquement (56a,
56b) sur un côté avant (8) du dispositif capteur de
flux thermique, le côté avant faisant face à l’intérieur
du canal d’air (50).

6. Nébuliseur (10) selon la revendication 5, dans lequel
le dispositif capteur de flux thermique (53) comprend
une puce à circuit intégré (130), la puce à circuit in-
tégré comprenant en outre l’élément thermique en-
traîné électriquement (300) sur le côté avant et un
ou plusieurs plots de connexion sur son côté arrière,
le ou les plots de connexion étant couplés électri-
quement à l’élément thermique.

7. Nébuliseur (10) selon la revendication 5 ou 6, dans
lequel l’élément thermique (300) comprend un élé-
ment chauffant (56a) et au moins deux éléments de
détection de température (56b).

8. Nébuliseur (10) selon une quelconque des revendi-
cations 5 à 7, dans lequel le canal d’air (50) com-
prend une paroi (58), la paroi possédant un évide-
ment dans lequel le dispositif capteur de flux thermi-
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que (53) est monté avec l’élément thermique entraî-
né électriquement (56a, 56b) faisant face au canal
d’air (50).

9. Nébuliseur (10) selon une quelconque des revendi-
cations 1 à 8, dans lequel la maille (42) est accouplée
de façon amovible avec la chambre à médicament
(40).

10. Nébuliseur (10) selon une quelconque des revendi-
cations 1 à 9, dans lequel la chambre à médicament
(40) est formée de sorte que la maille (42) soit sé-
parée de la source de vibrations (44) par un espace,
la source de vibrations étant agencée pour vibrer à
une fréquence f, la maille étant séparée de la source
de vibrations par l’espace formant une distance entre
la maille et la source de vibrations sensiblement de
Lambda/2, dans lequel Lambda = v/f, v est la vitesse
d’une onde dans le liquide entraînée par la vibration
à la fréquence f.

11. Nébuliseur (10) selon une quelconque des revendi-
cations 1 à 10, dans lequel une source d’énergie
électrique est agencée pour transférer de l’énergie
du corps (30) à la tête (20) pour mettre sous tension
la source de vibrations (40) et/ou le capteur de flux
(52) en utilisant un couplage à champ magnétique
entre la tête et le corps.

12. Nébuliseur (10) selon une quelconque des revendi-
cations 1 à 11, dans lequel le signal (54) à partir du
capteur de flux (52) est transféré de la tête (20) au
corps (30) avec un couplage à champ magnétique
et/ou optique entre la tête et le corps.

13. Système de nébulisation comprenant un nébuliseur
(10) selon une quelconque des revendications 1 à
12 et un ordinateur personnel (92), dans lequel le
nébuliseur comprend en outre des moyens de com-
munication (90) agencés pour un échange de don-
nées (91) avec l’ordinateur personnel.

14. Procédé de détection d’un souffle inhalé (5) ou ex-
halé (7) d’une personne utilisant un nébuliseur (10),
le procédé comprenant l’étape de mesure, avec des
moyens de détection (52), d’un flux dans un canal
d’air (50), le flux étant entraîné par le souffle inhalé
ou exhalé de la personne, le canal d’air étant agencé
pour guider le flux, les moyens de détection et le
canal d’air étant inclus dans une tête (20) du nébu-
liseur, la tête comprenant en outre des moyens de
nébulisation (42, 40, 44) agencés pour nébuliser un
liquide et libérer le liquide nébulisé dans le canal
d’air, les moyens de nébulisation (40, 42, 44) com-
prenant une chambre à médicament (40) pour con-
tenir le liquide, une source de vibrations (44) agen-
cée pour transférer des vibrations au liquide, et une
maille (42), dans lequel le canal d’air (50) est agencé

pour guider le flux le long de la maille, dans lequel
tous les composants du nébuliseur qui sont en con-
tact avec le liquide et le souffle inhalé et exhalé de
l’utilisateur sont situés dans la tête du nébuliseur, le
nébuliseur comprenant en outre un corps (30) ac-
couplé de façon amovible avec la tête, le corps com-
prenant des moyens de commande (60, 62) agencés
pour commander les moyens de nébulisation, les
moyens de commande comprenant une circuiterie
d’excitation (60) pour commander la source de vi-
brations (44).

15. Procédé de formation d’une personne pour utiliser
un nébuliseur, le procédé comprenant le procédé
selon la revendication 14 et comprenant en outre :
l’étape de la fourniture d’une instruction à la person-
ne pour qu’elle inhale (5) et/ou exhale (7), et l’étape
de la fourniture, à la personne, d’une remarque audi-
ble et/ou visuelle concernant son inhalation et/ou ex-
halaison en fonction d’un signal (54) reçu à partir
des moyens de détection (52).
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