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Hearing aid, comprising at least one microwave generator (9) which receives an electrical signal from, for example, a mic-
rophone (27) and generates a frequency-modulated electrical signal composed of bursts, the burst frequency depending on the
sounds picked up by the microphone, which frequency-modulated signal is fed to a radiator (25, 26) which generates microwave
radiation (28) made up of bursts, at least the radiator (25, 26) of the hearing aid being situated in the ear canal (11) of a hearing
organ and the microwave generator (9) being designed in such a way that the burst frequencies are at least virtually equal to the
sound frequencies of the sounds picked up by the microphone.
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Hearing aid based on microwaves

The present invention relates to.a hearing aid, comprising at
least one microwave generator which receives an electrical signal
from a sound transducing unit, for example a microphone, and gener-
ates a frequency-modulated electrical signal composed of bursts,
the burst frequency depending on the sounds picked up by the sound
transducing unit, which frequency-modulated signal is fed to a
radiator which generates microwave radiation made up of bursts.

Such a hearing aid is disclosed by US Patent Specification
US-A-4,877,027. A device is described therein in which a deaf per-
son is irradiated with microwaves having a pattern which is such
that when they arrive at the brain of said deaf person, they excite
a hearing sensation. The device is composed of a microphone or the
like for converting sound waves into an electrical audio signal.
Said audio signal is fed to a pulse generator which excites bursts
of microwave pulses. The microwaves are in the region between 100
MHz and 10,000 MHz, the neutral spacing of the bursts depending on
the intensity of the electrical audio signal. In this connection,
only intensity values of the electrical audio signal above a prede-
termined threshold value are taken into consideration. In this way,
a frequency modulation of the electrical audio signal takes place.
With the aid of a microwave generator, the freguency-modulated sig-
nal is converted into microwaves which are transmitted via an aer-
ial in the direction of the head of the deaf person. The microwaves

generated reach the brain through the skull of the person and

excite electrical signals therein which are perceived as sound

sensation. The known device has several disadvantages. First of
all, it is difficult to keep the microwave bundle which is radiated
directed at the head of the deaf person, which is generally in con-
tinuous movement. Secondly, the spacing between the aerial and the
person concerned is not constant, with the result that the oper-
ation of the known device will depend on the position which the
person concerned assumes. Moreover, it is unclear how the demodu-
lation of the frequency-modulated signal takes place in the known
device: the frequency of the bursts of microwave pulses is between
1 kHz and 100 kHz, which does not directly correspond to the fre-

quencies of the sound waves perceived, which are, after all, pri-
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marily in the region of a few tens of Hz to approximately 20 kHz.
The quality of the sound perception of the deaf person is therefore
mediocre in the case of the known device. Because the microwave
generator plus the associated aerial are situated at a distance
from the deaf person, microwaves of an appreciable level have,
moreover, to be generated, as a,resﬁlt of which various counter-
measures are necessary to prevent the person at whom the microwaves
are directed becoming excessively heated internally as a conse-
quence of a sort of "magnetron effect".

The object of the present invention is therefore to provide a
hearing aid which is safe and whose quality does not depend on the
spacing between the device concerned and the deaf person. In addi-
tion, the objective of the present invention is to provide a hear-
ing aid which gives a correct reproduction of the ambient noises
and which does more than excite a "sound sensation".

For this reéson, a hearing aid of the type mentioned at the
outset has the characteristic that at least the radiator of the
hearing aid is situated in the ear canal of a hearing organ and the
microwave generator is so designed that the burst freguencies are
substantially equal to the sound ffequencies of the sounds pickea
up by the sound transducing unit.

Such a hearing aid is suitable for eliminating both middle-
ear deafness and inner-ear deafness. In addition, such a hearing
aid requires only a minimum amount of energy because the hearing
aid can be placed in the ear canal of a deaf person and thus a
small amount of radiated microwave energy will suffice. As a
result, the chance of damage as & consequence of the microwave
energy is minimum and independent of the spacing between the hear-
ing device and the deaf person. In addition, with such a hearing
aid, a 1:1 relationship exists between the frequency spectrum of
the ambient noise and the vibration excited in the cochlea of the
hearing organ, as a result of which the quality of the sound per-
ceived in the brain is appreciably improved. Finally, such a hear-
ing aid is to be placed at least partly in the ear canal of a deaf
person.

The invention will be explained in greater detail below by

reference to the drawings,‘wherein:
Figure 1 shows a diagrammatic reproduction of a known device
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for detecting gas species, with which the present invention is ex-
plained in greater detail;

Figure 2 shows a cross section through a hearing organ in
which a hearing aid according to the invention is fitted in the ear

canal.
The present invention is partly based on the so-called photo-

acoustic effect which was discovered by Alexander Graham Bell as

long ago as 1880 but which has only found a small number of appli-
cgtions. The most known application of the photoacoustic effect
relates fo a gas detector. The principle of the gas detector is
explained in greater detail below by reference to Figure 1.

In Figure 1, the reference numeral 1 indicates a sealed space
in which an unknéwn gas is situated. Directed at the sealed space 1
is a monochromatic beam 2 which is interrupted by a rotating disc 3
provided with holes 4. Bursts of monochromatic light therefore
radiate into the unknown gas, the burst frequency be;ng dependent
on the rotary speed of the disc and the number of holes 4, and also
on the mutual spacing of the holes. The frequency of the monochro-
matic light is adjustable. It is found that photons of one or more
specific frequencies can be absorbed by the unknown gas, in which
process electrons in the gas molecules enter an excited state.
These frequencies, to which said excited state belongs, are charac-
teristic of the gas which is situated in the sealed casing 1. This
excited state of the gas molecules can be perceived acoustically.
It is found, in particular, that gas whose molecules are excited by
the incident monochromatic light beam exerts a somewhat greater
pressure on the sealed space 1 than gas molecules which are not in
the excited state. Because the monochromatic light beam radiates
into the gas in the form of bursts, there will occur, provided the
monochromatic light beam 2 contains photons having the excitation
frequency of the gas, pressure differences in the sealed casing 1,
the frequenéy of said pressure differences being related to the
interruption freguency of the monochromatic light beam. These pres-
sure differences can be detected by a microphone 6 which feeds a
corresponding electrical signal, optionally amplified, to a loud-
speaker 8 via a cable 7. The consequence is that, if the monochro-
matic beam contains light having the excitation frequency of the

unknown gas, the loudspeaker emits .sound whose frequency corre-
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sponds to the interruption speed of tﬁe light beam. In this way,
the gas species in the sealed space 1 can be detected.

Figure 2 shows diagrammatically a Cross section through a
hearing organ. The auricle of the ear is indicated by reference
numeral 10, while reference numeral 11 indicates the ear canal of
the ear. At least one ear radiator 25 or 26 is accommodated in the
ear canal. In some cases, the use of two ear radiators in each ear
canal may be beneficial, and this- will be explained in greater
detail below. The ear radiator(s) 25, 26 is/are connected to a
microwave generator 9 which can be fitted in or near the ear. If
ambient sound is to be fed to the hearing organ, a microphone 27 is
coupled to the microwave generator 9, which microphone can also be
fitted in or near the ear. The precise position of the microwave
generator 9 and of the microphone 27 is not material to the present
invention, although they are preferably situated in, or as much as
possible in, the ear. The ear radiator(s) 25, 26 excite pulsed
microwaves 28 which are transmitted in the direction of the eardrum

22. The microwaves 28 reach the cavity of the middle ear 15, in

" which the malleus 12, the incus 13 and the stapés 14 are situated,

unattenuated or virtually unattenuated by the eardrum 22. The
middle ear is connected to the ééchlea 17 of the inner ear 18, the
oval window 23 situated near the stapes and the round window drum
24 situated thereunder. Normally, sound vibrations transmitted via
the eardrum 22 are transmitted via the malleus 12, the incus 13,
the stapes 14 and the oval window 23 to the éochlea 17. 1In the
cochlea 17, sound vibrations are mechanically converted into nerve
impulses which can be sensed in the hearing cortex. The energy
supplied to the cochlea 17 via the malleus 12, the incus '13, the
stapes 14 and the oval window 23 travels in the direction indicated
with the aid of an arrow into the uppermost cochlea canal 19 and
leaves the cochlea 17 via the lowermost cochlea canal 20. The ref-
erence numeral 16 indicates semicircular canals in the hearing
organ. The reference numeral 21 indicates the Eustachian tube,
which connects the middle ear cavity 15 to the cavity of the larynx
(which is not shown). The semicircular canal 16 and the cochlea 17
form together the inner ear 18.

The hearing aid shown operates as follows. Ambient noise is

picked up by the microphone 27 and converted into corresponding
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electrical signals, which are fed to the microwave generator 9. The
microwave generator 9 is designed in such a way that it generates
bursts of microwaves, whose burst frequency is directly related to
the noise frequencies of the ambient sound perceived. If, for
example, there were a noise source producing a constant 50 Hz sound
in the surroundings, the burst frequency would also be 50 Hz. The
electrical signal originating from the microwave generator 9 is
converted into electromagnetic microwave radiation 28 with the aid
of the ear radiator(s) 25, 26. Said microwave radiation 28 is
therefore also emitted in the form of bursts, the burst frequency
being determined by the frequency of the ambient noise. The micro-
waves 28 transmitted in bursts reach the middle ear 15, which con-
tains, normally, a gas mixture composed of oxygen and water vapour
molecules. If, by analogy with the gas detection device according
to Figure 1, the frequency of the microwaves present in the bursts
now corresponds to one or more excitation frequencies of said gas
mixture in the middle ear, pressure changes will consequently occur
in said gas mixture in the middle ear 15, just as in the gas in the
sealed space 1 in Figure 1. The frequencies with which said pres-
sure changes are associated correspond to the burst frequencies of
the pulsed microwaves. The pressure changes in the middle ear 15
are transmitted directly to the round window drum 24, which regis-
ters said pressure changes. As a result, sound vibrations occur in
the round window drum 24 which correspond to the original vibra-
tions of the ambient noise. These sound vibrations occurring in the
round window drum 24 are converted into nerve impulses in the coch-
lea 17. It is pointed out that the energy presented to the hearing
organ via the pulsed microwaves therefore travels, in fact, the
reverse path to the direction indicated by the arrows in the canals
19 and 20. This nevertheless results in the original sound vibra-
tions from the surroundings being perceived. To convert the orig-
inal sound vibrations from the surroundings into nerve impulses in
the cochlea 17, the eardrum 22, the malleus 12, the incus 13 and

the stapes 14 are therefore, as it were, skipped. Middle ear deaf-

‘ness reshlting from otosclerosis is therefore eliminated. (Oto-

sclerosis is increasing deafness as a result of a disorder in the
hearing organ which results in the stapes becoming immobile and it

no longer being able to pass sound vibrations to the inner ear.)
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Using the present hearing aid, however, inner ear deafness

can also be eliminated, and this can be explained as follows. A
microwave freguency can be imparted to pulsed microwaves emitted by
the ear radiator(s) 25, 26 which is such that the pulsed microwaves
reach the round window drum 24 virtually unattenuated by the ear-
drum 22 and the middle ear. Such bursts of microwaves will also
radiate virtually unimpeded through the round window drum 24. By
adjusting the frequency of the microwaves to a suitable value, a
photoelectric effect can be excited in the fluid in the canals 19,
20 of the cochlea 17, as a result of whiéh the nerve filaments
situated therein excite electrical signals which can be heard by
the brain. An important advantage of this is that a so-called coch-
lea implantation can be avoided. Complex operations undertaken for
this purpose can therefore be dispensed with.

The microwave energy generated can be kept to a very low
ljevel in a simple way using the present hearing aid, enough energy
nevertheless being generated to stimulate the nerve £ilaments in
the cochlea 17. The intensity of the microwaves emitted may, for
example, be 50 mW per mm2, which is so low that the eardrum 22 is
certainly not damaged. In addition, certainly no damaging heat is
generated thereby in the hearing organ.

The frequency of the microwaves emitted in bursts depends on
the intended application. If middle ear deafness is to be elimin-
ated, the selected frequency of the microwaves should be such that
the photoacoustic effect can occur in the middle ear 15, this being
related to the precise composition of the gas situated therein. The
microwave freguency may therefore vary to some extent from person
to person. If, on the other hand, inner ear deafness is to be
remedied, the selected frequency of the microwaves should be such
that the photoelectric effect is able to occufrin the canals of the
cochlea, and this may also vary to some extent from person to per-
son. Of course, it is also possible to design the ear radiator(s)
25, 26 in such a way that both microwaves 28 for eliminating middle
ear deafness and microwaves 28 for eliminating inner ear deafness
are emitted.

It is found that the present hearing aid can also be used to
combat auditory hallucinations in psychosis patients (psychotic

voices). For this purpose, the signal generated by the microwave

PCT/NL92/00216
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generator 9 is fed to two ear radiators 25, 26. The two ear radi-
ators 25, 26 emit microwaves which are directed at the eardrum 22.
The microwaves 28 radiate virtually unimpeded through the eardrum
22 and reach the oval window 23. In this way, the microwaves 28
reach the endolymphatic fluid of the cochlea. The electric field of
the microwaves is able to cause the fluid molecules in the cochlea
17 to vibrate, for example, at a frequency of 3.2 MHz, as a result
of which £luid vibrations will occur. Said fluid vibrations corre-
spond to the frequency of 3.2 MHz mentioned, or to a microwave
length of approximately 9.5 cm. The microwave photons cause the
concomitantly vibrating fluid molecules in the endolymph or peri-
lymph to vibrate concomitantly, as a result of which specific hair
cells in the cochlea 17 exceed a certain potential threshold value
which results in action potentials. The action potentials of the
hair cells secrete transmitter substances which block the post-
synaptic receptors of the membrane dendrites of the ganglion
spirale in a similar way to the neuroleptic blockers. Each hair
cell has a specific threshold value coupled to a certain sound
stimulus, with the result that each pitch is converted into a spe-
cific fluid vibration which stimulates a specific hair cell. Micro-
waves, on the other hand, directly cause the fluid to vibrate with
the corresponding hair cells which block the receptors on the den-
drites. The receptors can then no longer cause psychotic voices and
these therefore disappear.

The eardrum 22 may have an interfering effect on the oper-
ation of the hearing aid. The eardrum 22 may, in fact, partly
reflect incident microwaves 28, as a result of which reflected
microwaves interfere with microwaves 28 radiating inwards. This can
be avoided by polarising the microwaves so that, with a certain
angle of incidence, reflection no longer occurs. In a vertically
polarised microwave, the electrical force acts vertically and the
magnetic force horizontally, both being perpendicular to the propa-
gation direction. The microwaves thus pass unimpeded through the
eardrum and reach and also irradiate the cochlea together with the
ganglion spirale. The intended effect on the receptors of the den-
drites in the ganglion spirale close to the cochlea will remain the
same since the electric field and the magnetic field will move the

receptors of the dendrites of the ganglion cells to a different ab-
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sorption spectrum, which was also the purpose of the microwave

To avoid nerve tissue damage Or hyperthermia, 5 mW or

application.
Heat is also removed via the blood

higher per mm*® is permissible.
flowing in the capillaries when "the microwaves irradiate the

5 cochlea.
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1. Hearing aid, comprising at least one microwave generator
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which receives an electrical signal from a sound transducing unit,
for example a microphone, and generates a frequency-modulated elec-
trical signal composed of bursts, the burst frequency depending on
the sounds picked up by the sound transducing unit, which frequen-
cy-modulated signal is fed to a radiator which generates microwave

radiation made up of bursts, characterized in that at least the

radiator (25, 26) of the hearing aid is situated in the ear canal
(11) of a hearing organ and the microwave generator (9) is so

designed that the burst frequencies are substantially equal to the

sound frequencies of the sounds picked up by the sound transducing

unit (27).
2. Hearing aid according to Claim 1, characterized in that the

microwave frequency within the bursts is selected on the basis of
the precise composition of the gas mixture in the middle-ear cavity
(15) of the hearing organ in such a way that a photoacoustic effect
occurs in the middle ear.

3. Hearing aid according to Claim 1, characterized in that the

microwave frequency within the bursts is selected on the basis of
the precise composition of the fluid in the cochlea (17) of the
hearing organ in such a way that a photoelectric effect occurs
therein.

4. Hearing aid according to Claim 1, characterized in that the

microwaves within the bursts comprise two frequency components, one
of which excites a photoacoustic effect in the middle ear and the
other a photoelectric effect in the inner ear.

5. Hearing aid according to Claim 1, characterized in that two

radiators (25, 26) are situated in the ear canal (11) and excite
microwave radiation (28) having a wavelength of approximately 9.5
cm which is directed into the hearing organ in such a way that it
is able to reach the cochlea (17) via the oval window in order to

remédy auditory hallucinations.
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